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APOLLO 12 LUNAR-SAMPLE INFORMATION

By Jeffrey Warner, Compiler
Manned Spacecraft Center

SUMMARY

The second manned lunar landing occurred on November 19, 1969, when the
Apollo 12 lunar module touched down on the Ocean of Storms. The scientific data ob-
tained between November 25, 1969, and January 30, 1970, during the preliminary ex-
amination of the lunar samples returned from the Apollo 12 mission are presented in
this report. Descriptions of the sample-collecting tools and techniques and of the con-
tingency, selected, documented, and tote-bag samples are given. A preliminary
search was conducted to determine the localities and orientations of the samples on
the lunar surface; however, much work remains to be done to complete this task.
Mineralogical /petrological, chemical, gamma-ray spectrometry, noble gas, total
carbon, organic mass-spectrometry, and organic-monitor analyses were performed
on the lunar samples, and the results are given and discussed.

Photographs and detailed descriptions of the samples, plots and descriptions of
the samples and controls that were subjected to organic analysis, and details of the
organic-coantamination monitors and controls are presented. Photographic documenta-
tion is presented in (1) a log of all photographs taken both on the lunar surface and in
the Lunar Receiving Laboratory, (2) an index of photographs by sample number and an
index of samples by photograph number, and (3) a cross-reference of samples with the
lunar-surface collection locations, photographs, and chronological sequence.

The major findings of the preliminary examination of the Apollo 12 lunar samples
can be contrasted with the major findings of the samples from the first manned lunar
landing (the Apollo 11 mission which landed on the Sea of Tranquility on July 20, 1969)
as follows.

1. Although still old by terrestrial standards, the Apollo 12 rocks are approxi-
mately 1 billion years younger than the Apolio 11 rocks.

2. Whereas microbreccias comprised approximately one-half of the Apollo 11
samples, the Apollo 12 suite contained only two breccias in the 45 rocks returned.

3. The regolith at the Apollo 12 site was approximately one-half as thick as that
at the Apollo 11 site.

4. Considerably less solar-wind material was found in the Apollo 12 fines than
in the Apollo 11 fines.



5. The crystalline rocks in the Apollo 12 collection, in contrast to those from
the Apollo 11 mission, displayed a wide range in both modal mineralogy and primary
texture.

6. Chemically, the ''nonearthy'' character (high refractory and low volatile-
element concentrations) of the Apollo 11 samples was evident in the Apollo 12 samples
but to a lesser degree.

7. The chemical composition of the Apollo 12 fines equaled that of the breccias
put did not equal that of the crystalline rocks; this was not observed in the Apollo 11
samples.

Much of the sample information given in this document was collected under less
than optimum conditions and in a short time; therefore, all data should be considered
preliminary.

INTRODUCTION

This document is a rapid compilation of the scientific data about the lunar sam-
ples returned by the Apollo 12 crew. The purpose of this report is to provide the
lunar-sample Principal Investigators and other scientists with general information
concerning the total lunar samples returned and with specific information about individ-
ual samples that were distributed for detailed analyses. It is hoped that this document
will aid the Principal Investigators in putting the samples they receive into the larger
context of lunar science. This report is a companion document to the NASA Apollo 12
Preliminary Science Report.

The following information is contained in the appendixes: (1) Mineralogical/
petrological descriptions of the samples (appendix A); (2) results of the total carbon
and organic analyses (appendix B); (3) the organic monitors (appendix C); (4) 2 com-
prehensive photographic index (appendix D); and (5) major updates to July 31, 1970
(appendix E).

The data contained in this report were collected in the Lunar Receiving Labora-
tory (LRL) at the Manned Spacecraft Center (MSC) by the lunar sampie Preliminary
Examination Team (PET) and the Lunar Field Geology Experiment Team during and
immediately after the Apollo 12 mission. Team members are as follows.
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THE APOLLO 12 MISSION

The primary purpose of the Apollo 12
landing capability on the lunar surface.

mission was to demonstrate a pinpoint
crewmembers were Charles Conrad, Jr.,

Commander (CDR), Richard Gordon, Command Module Pilot (CMP), and Alan Bean,

Lunar Module Pilot (LMP).

The space vehicle was launched fro
11: 22 a.m. e.s.t. on November 14, 1969.

m Kennedy Space Center, Florida, at
The lunar module (ILM) landed in the

Ocean of Storms (fig. 1) at 110: 32: 35 ground-elapsed time, approximately 200 meters
from the Surveyor II spacecraft (fig. 1(d)). The landing coordinates were 2.45° S

latitude and 23. 34° W longitude.
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1. - Apollo 12 lunar-landing site.
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Figure 1. - Concluded.



Extravehicular Activity

The extravehicular activity (EVA) on the lunar surface was divided into two
4-hour traverses separated by an 8-hour eat/rest period. The length of each EVA
was dictated by the capabilities of the life-support system. Four types of samples
(contingency, selected, documented, and tote bag)were collected from the lunar surface
and returned to the LRL. The sample return is listed in table I.

TABLE I. - LUNAR-SAMPLE RETURN

Type of sample Weight, g
()
Contingency sample
Fines 1102
Chips 9
Rocks (4) 821
Total 1932
Selected sample
Fines 2 716
Chips 50
Rocks (20) 11 940
Core tube (19 cm) 101
Total 14 807
Documented sample

Fines plus chips 650
Rocks (6) 6124
Documented bags (13)

Fines plus chips (7) 1 353

Rocks (11) 2 288
Core tube

Double tube {40 cm) 246

Unopened 80
Lunar-environment sample container (LESC) 269
Gas-analysis sample container {(GASC) 57
Total 11 067

Tote-bag sample
Fines 21
Chips 10
Rocks (4) 6 488
Totzal 6 519
Summary

Fines and chips 5911
Rocks (45) 27 661
Special samples 753
Total return 34 325

3Fines are less than 1 centimeter, chips are between 1 and 4 centimeters, and

rocks are larger than 4 centimeters.



In addition to collecting samples, the main scientific tasks to be accomplished
during the extravehicular activities were (1) photographing rocks, the lunar surface,
and the moonscape; (2) deploying the Apollo lunar-surface experiments package
(ALSEP) during the first EVA; (3) collecting parts from the Surveyor III spacecraft
during the second EVA; and (4) deploying and retrieving the solar-wind foil. The
ALSEP contained a central-power communication station and five experiment units:
the passive seismometer, the cold-cathode ion gage, the suprathermal ion detector,
the solar-wind spectrometer, and the magnetometer.

Sample-Collecting Tools and Technigues

To obtain samples of the lunar surface, the Apollo 12 crew used the sample-
coliecting tools and techniques described in the following paragraphs. The tools were
designed of material that was durable enough to accomplish the tasks yet light enough
to conform to the weight and space limitations of the LM stowage area. The limitations
imposed on the movements of a crewman while wearing a pressurized space suit also
had to be considered; therefore, the tools were designed with quick-disconnect fittings
to enable the crewman to attach or detach components with minimum difficulty. Knurled
or roughened areas were provided on many tools to improve the crewman's grip, and
an extension handle was provided to lengthen the crewman's reach. Prime considera-
tion was given to the selection of the metals and lubricants used in the construction of
the tools to avoid elements and isotopes (such as lead (Pb), strontium (Sr), et cetera)
that might contribute to serious geochemical contamination of the lunar material.

The contingency-sample container {fig. 2(a)) consisted of a small Teflon bag
and a jointed aluminum handle that was approximately 84.5 centimeters long in the
fixed extended position. The Teflon bag measured 5.2 by 12.7 by 17. 8 centimeters.
The contingency-sample container was used to obtain a lunar sample during the early
stages of the first EVA.

The two Apollo lunar-sample-return containers (ALSRC) (fig. 2(b)) were portable,
sealable aluminum containers. Each ALSRC weighed approximately 6. 8 kilograms,
measured 20.3 by 26.7 by 44.5 centimeters, and had a capacity of 0. 023 cubic meter.
Before the lunar landing, the containers housed the core tubes and other related equip-
ment. On the lunar surface, the astronauts opened, filled, and closed the containers.
The three seals on the hinged lids (one of indium (In) and two of Viton) preserved the
samples in a vacuum environment during transportation back to the LRL.

(a) Contingency-sample container, (b) Apollo lunar-sample-return container.

Figure 2. - Sample-collecting equipment.



The hammer (fig. 2(c)) was made of tool steel suitable for impact use. The head
was coated with vacuum-deposited aluminum to minimize solar heating. The handle
was offset.slightly so that the crewman could strike a direct blow despite the encum-
brance of the pressurized space suit. One end of the hammerhead was shaped for use
as a pick or chisel; with the extension handle attached, it could have been used as a
hoe for trenching or digging. The hammer also could have been used for driving the
core tubes into the subsurface by striking the end of the extension handle.

The tongs {fig. 2(d)) were constructed of anodized aluminum and were used to re-
trieve samples of pebble size and larger. This tool consisted of a set of opposed
spring-loaded fingers attached o a 66-centimeter-long handle. The tongs were oper-
ated by squeezing the handles to actuate the cable that opened the fingers.

(¢) Hammer, (d) Tongs.

Figure 2. - Continued.

The large scoop (fig. 2(e)) was constructed of anodized aluminum. The length
of the scoop and handle was 39.4 centimeters and could have been extended an addi-
tional 58.4 centimeters by use of the extension handle. The large scoop was used
during the lunar EVA to collect the selected sample.

The small scoop (fig. 2(f)) was 29.8 centimeters in length. The pan of the scoop
had a flat bottom that was flanged on both sides and a partial cover on the top to pre-
vent loss of contents. It was used to retrieve sand, dust, or other lunar material too
small for the tongs. The small scoop was made of anodized aluminum with a steel-
alloy inset on the front edge that was suitable for cutting cohesive material. The
handle had a quick-disconnect mount for attaching the extension handle.

(e) Large scoop. (f) Small scoop.

Figure 2. - Continued,



The ccre tubes (fig. 2(g)) were constructed of anodized aluminum and were used
to obtain samples from the lunar surface in such a manner that the near-surface
stratigraphy was preserved. The core tubes were 41.3 centimeters long and could be
attached to the extension handle. Four tubes were used on the Apollo 12 mission.

The extension handle (fig. 2(h)) increased the crewman's reach by adding
58.4 centimeters of handle length to various tools. The lower end of the extension
handle had a quick-disconnect mount and lock for tool aitachment. The upper end was
fitted with a sliding T-handle to facilitate torquing operations.

(g) Core tubes. (h) Extension handle.

Figure 2. - Concluded.

The gnomon was a stadia rod mounted on a tripod and was constructed so that
the rod would right itself and point vertically when the legs were put down on the lunar
surface. The gnomon was an indicator of the gravitational vector and provided ac-
curate vertical reference and calibrated length for determining the size and position of
objects in near-field photographs. The shadow cast by the staff indicated the solar
position. The gnomon had a finish painted in shades of gray ranging in reflectivity
from 5 to 35 percent in 5-percent increments and a color scale of blue, orange, and
green. The scales were provided as a means of accurately determining colors in
color photographs. The rod was 45.7 centimeters long, and the tripod base folded
for compact stowage in the modularized equipment-stowage assembly.

The individual sample bags also were known as the documented sample bags or
as the 'Dixie cups." The bags were made of Teflon and had an aluminum crimping
ring. Each bag could hold approximately one-third liter.

Lunar Samples

The Apollo 12 sample return and inventory are listed in tables I and II. The
mass distribution of the samples is shown in table III.
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TABLE II. - LUNAR-SAMPLE INVENTORY

nsfélng)éi Mass, g Typ?agode Remarks
Selected samplesb

12001 2216.0 D Less than 1-em vacuum fines

12002 1529.5 B Olivine dolerite® — vacuum®

12003 300.0 D Fines and chips

12004 585.0 A Olivine basalt — vacuum

12005 482.0 A Olivine basalt — vacuum

12006 206.4 AB Olivine basalt with radiating

feldspar laths

12007 65.2 A Basalt

12008 58.4 AB Cumulate (ilmenite)

12009 468. 2 A Porphyritic olivine (feldspar) basalt,
' large depression — vacuum

12010 360.0 A Basalt — vacuum

12011 193.0 A Olivine basalt — vacuum

12012 176. 2 AB Olivine basalt — vacuum

12013 82.3 A Igneous breccia — vacuum

12014 159.4 B Olivine dolerite — vacuum

a”I‘ype A, fine-grained vesicular crystalline igneous rocks ; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,

bThe S-ALSRC contained 40 to 60 microns of pressure when returned to the LRL,
cDolerite is a rock of basaltic composition with an intermediate crystal size.

dSamples 12002 to 12022 labeled "'vacuum" weére exposed to 1 atmosphere of
nitrogen (N) for at least 2 hours.
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TABLE II.- LUNAR-SAMPLE INVENTORY - Continued

f&;né);i Mass, g Typeiac)ode Remarks
Selected sa]mplesb - Concluded
12015 191.2 A Porphyritic olivine basalt, large
depression — vacuum
12016 2028.3 AB Basalt — vacuum
12017 53.0 AB Glass-coated basalt — vacuum
12018 7817.0 B Olivine dolerite — vacuum
12019 462.4 A Basalt — vacuum
12020 312.0 A Olivine basalt -—— vacuum
12021 1876.6 B Pigeonite dolerite, pegmatite —
vacuum
12022 ] 1864.3 B | Olivine dolerite — vacuum
Special samples
12023 269.3 D LESC
12024 56.5 D GASC
12025 56.1 D Core 2010 (second EVA — top of
double tube)
12026 101.4 D Core 2013 (first EVA)
12027 80.0 D Core 2011 (second EVA — unopened
as of Jan. 1, 1970)

aType A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.

bThe S-ALSRC contained 40 to 60 microns of pressure when returned to the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Continued

ff;g‘) eli Mass, g Typ?ac)ode Remarks
Special samples - Concluded
12028 189.6 D Core 2012 (second EVA — bottom of
double tube)
12029 6.5 D Fines with Surveyor scoop
Documented sa.mplese
12030 75.0 D Bag 1-D — fines
12031 185.0 B Bag 3-D — olivine dolerite
12032 310.5 D Bag 4-D — fines
12033 450.0 D Bag 5-D — fines
12034 155.0 C Bag 6-D — crystal breccia with glass
12035 71.0 B Bag 7-D — olivine dolerite
12036 75.0 B Bag 8-D — olivine dolerite
12037 145.0 D Bag 8-D — fines
12038 746.0 A Bag 9-D — pasalt
12039 255.0 B Bag 10-D — olivine dolerite
12040 319.0 B Bag 10-D — olivine dolerite
12041 24.8 D Bag 11-D — fines
12042 255.0 D Bag 12-D — fines

a'I‘ype A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.

®The D-ALSRC contained approximately 0.5 atmosphere when returned to the
LRL. All of the documented samples were processed in nitrogen cabinets in
room 1-126 of the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Continued

:&I:}?;i Mass, g Type(ac;ode Remarks
Documented sa.mplese - Concluded

12043 60.0 A Bag 14-D —— basalt

12044 92.0 D Bag 14-D — fines

12045 63.0 A Bag 15-D — basalt

120486 166.0 A Bag 15-D — basalt

12047 193.0 A Bag 15-D — basalt

12048 2.0 D Bag 7-D — fines

12050 1.0 E Chip for organic analysis

12051 1660.0 AB Olivine basalt

12052 1866.0 A Olivine basalt

12053 879.0 A Olivine basalt

12054 687.0 B Dolerite with glass splash and
shatter structure

12055 912.0 B Basalt

12056 121.0 AB Basalt

12057 650.0 DE Fines and chips from bottom of
D-ALSRC

aType A, fine-grained vesicular crystalline igneous rocks; type B, medium-
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,
chips.

€The D-ALSRC contained approximately 0.5 atmosphere when returned to the
LRL. All of the documented samples were processed in nitrogen cabinets in
room 1-126 of the LRL.
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TABLE II. - LUNAR-SAMPLE INVENTORY - Concluded

fﬁ;}nﬁi Mass, g Typ e(ac)ode Remarks
Tote-bég samplesf
12060 20.7 D Fines
12061 9.5 E 10 chips from tote bag
12062 738.7 AB Basalt; has depression with raised
cone with radial cracks
12063 2426.0 A Olivine basalt
12064 1214. 3 B Dolerite with cristobalite
12065 2108.0 AB Pigeonite porphyry consisting of
plagioclase, pigeonite, and ilmenite
Contingency samplesg
12070 1102.0 D Fines
12071 9.16 E Chips
12072 103.6 A Basalt
12073 407.65 C Breccia — originally samples 12073
and 12074 (361.0 + 46.65 g)
12075 232.5 A Olivine basalt
12076 54.55 Basalt
12077 22.63 A Basalt

a'IYpe A, fine-grained vesicular crystalline igneous rocks; type B, medium -
grained vuggy crystalline igneous rocks; type C, breccias; type D, fines; and type E,

chips.

fStudied in nitrogen cabinets; handled by personnel in Crew Reception Area
(CRA) for 20 minutes.

Estudied in nitrogen cabinets.
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TABLE III. - LUNAR-SAMPLE MASS DISTRIBUTION

Mass, g Sample number Mass, g Sample number
1.0 12050 206. 4 12006
9.16 3120m 232.5 12075
9.5 342061 255. 0 12039

20.7 212060 255.0 312042
22.63 12077 269. 3 312023
24.8 312041 300. 0 312003
46. 65 12074 310.5 312032
53.0 12017 312.0 12020
54.55 12076 319.0 12040
56. 1 392025 360. 0 12010
56. 5 312024 407. 65 12073
58. 4 12008 450.0 412033
60. 0 12043 462. 4 12019
63.0 12045 468. 2 12008
65.2 12007 482.0 12005
7.0 12035 585. 0 12004
75.0 212030 650. 0 212057
75. 0 12036 687.0 12054
80. 0 312027 738.7 12062
82.3 12013 746.0 12038
92.0 312044 787.0 12018
101.4 312026 879.0 12053
103.6 12072 912.0 12055
121.0 12056 1102. 0 312070
136.0 212048 1214. 3 12064
145.0 312037 1529.5 12002
155.0 12034 1660. 0 12051
159. 4 12014 1864. 3 12022
166.0 12046 1866. 0 12052
176.2 12012 1876. 6 12021
185.0 12031 2028. 3 12016
189.6 412028 2109. 0 12065
191.2 12015 2216.0 312001
193.0 12011 2426. 0 12063
193.0 12047

ALunar fines or fines and chips.




Contingency sample. - The contingency sample (table I) was collected early during
the first EVA to assure that some lunar material would be returned in the event that the
extravehicular activities were aborted. The CDR collected the contingency sample
10 meters southwest of the LM. Approximately five scoops were made to collect the
2 kilograms (including four rocks) of material.

Selected samples. - The selected samples (table I) replaced the '"bulk’ samples
of Apollo 11 and were collected northwest of the LM (up to 300 meters away) during the
last part of the first EVA. Seventeen rocks were collected with the tongs and placed in
a large Teflon bag. Three large rocks (about 2 kilograms each) were collected with the
tongs-and placed in a second large Teflon bag, which then was filled with lunar fines
using the scoop. One core tube was driven. The two Teflon bags and the core tube
were sealed on the lunar surface in the ALSRC containing the selected samples
(S-ALSRC).

The pressure in the S-ALSRC at the time of probing was 40 to 60 microns. Ni-
trogen (N) and oxygen (O) were the major gases present, with small amounts of heli-
um (He), argon (Ar), and carbon dioxide (COZ)' The N/Ar ratio was essentially that

of air. The O/N ratio appeared to be greater than air and possibly signified S-ALSRC

leakage within the Apollo spacecraft. Water was quite low and may have been partially
absorbed by the lunar material. No organic components above the background level

were observed.

Documented samples. - The documented samples (table I) were collected during
the second EVA while the astronzuts were on their 1. 5-kilometer geological traverse
(fig. 3). The samples were documented by photography. During the traverse, the
astronauts filled 13 individual sample bags with 11 rocks and seven lunar-fines sam-
ples. These samples were collected with a scoop and the tongs. Ten additional rocks
were collected with the tongs. Two core tubes were driven, one of which was a double
tube. The two special samples for the gas-analysis sample container (GASC) and the
lunar-environment sample container (LESC), which were designed to be sealed individ-
ually, were collected. All of these samples except the four largest were sealed on the
lunar surface in the ALSRC containing the documented samples (D-ALSRC).

The pressure in the D-ALSRC at the time of probing was not measured; however,
all indications are that the sample box was at a significant fraction of atmospheric
pressure. The N, O, and Ar gases were in essentially atmospheric proportions. Com-
pared to N, O was lower and water was higher in the D-ALSRC than in the S-ALSRC.
Some amount of excess He was evident. No organics or Freon compounds were
cbserved.
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Tote-bag samples. - A tote-bag sample was not collected on Apolio 11. The
Apollo 12 tote-bag samples {table I) were the four rocks that were not sealed in the
D-ALSRC. The rocks were placed in a large Teflon bag.

All four sample containers were taken into the LM, bagged, and, after rendez-
vous, transferred to the command module (CM). The S-ALSRC and the D-ALSRC were
returned by air to the LRL on November 25, 1869. The contingency and tote-bag sam-
ple containers were returned to the LRL in the Mobile Quarantine Facility on Novem-
ber 30, 1969.

LUNAR RECEIVING LABORATORY OPERATIONS

The configuration and operations of the biological barriers in the LRL remained
essentially the same as for Apollo 11 (ref. 1). The selected samples were opened and

studied in vacuum {generally about 10'6 torr). The documented, contingency, and

tote-bag samples and the core tubes were opened and studied in dry-nitrogen glove
cabinets. Approximately 50 grams of core-tube material and 450 grams of fines and
rock chips {rom the documented and selected samples were designated for biological

testing. The compositions of the early and regular biological test samples are shown
in table IV.

- TABLE IV. - EARLY AND REGULAR BIOLOGICAL TEST-SAMPLE COMPOSITIONS

Sample .
umber Weight, g Remarks
Early biological sample
12028 10. 00 Bottom of core tube
12026 47.23 Longitudinal split of core tube
Total 57. 23
Regular biological sample
12057 50. 72 Documented-sample fines and chips
12052-2 61. 03 Chip from rock
12032 20. 00 Fines; documented bag 4-D
12033 30. 00 Fines; documented bag 5-D
12003 18. 40 Selected-sample chips
12001-3 260. 00 Selected-sample fines
12008 24.90 Chip from rock
12007 5.10 Chip from rock
Total 470.15
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FIELD GEOLOGY

Geological Setting

The Apollo 12 LM landed on the northwest rim of the 200-meter-diameter Sur-
veyor Crater (the crater in which Surveyor I landed on April 20, 1967) at 2.45° S
latitude and 23. 34° W longitude, about 120 kilometers southeast of the crater Lansberg.
The site is on a broad ray of the crater Copernicus.

The landing site is characterized by a distinctive cluster of craters ranging in
diameter from 50 to 400 meters (fig. 3). The informal names given to these craters
for use during the mission also are used in this report. The EVA traverses generally
were made on or near the rims of these named craters and on deposits of ejecta from
them.

The lunar surface at the Apollo 12 landing site is underlain by fragmental mate-
rial (the lunar regolith) which ranges from particles too small to be seen with the naked
eye to blocks several meters across. Along many parts of the traverse made during
the second EVA, the astronauts found fine-grained material of relatively high albedo
which, at some places, was at the surface. This light-gray material possibly may be
part of a discontinuous deposit observed through the telescope as a ray of the crater
Copernicus.

The darker regolith material that generally overlies the light~gray material is
only a few centimeters thick in some places; however, it is probably much thicker on
the rims of some craters. The darker material varies from place to place in the size,
shape, and abundance of the constituent particles and in the presence or absence of
patterned ground. Most of the local differences are probably the result of local cra-
tering events.

Beads and small irregularly shaped fragments of glass are abundant both on and
within the regolith; glass also is spattered on some of the rocks at the surface and is
found in many shallow craters.

The larger craters at the landing site probably differ widely in age. The age
sequence from oldest to youngest is interpreted as follows.

1. '"Middle Crescent'' ("'1000 foot'') Crater

2. '"‘Surveyor'' and ''Head'' Craters

3. '""Bench'' Crater

4. '"Sharp, ' '"'Halo,'' and ''Block'' Craters

When looking down into Middle Crescent Crater, the astronauts noticed huge
blocks on the wall which probably originated from the local bedrock. The large rock

fragments in this crater probably have been exposed the longest and represent the
deepest layers excavated at the Apollo 12 landing site.
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Both rounded and angular blocks litter the surface of the rims of Head and Bench
Craters. Some rocks appeared to be coarse grained to the astronauts; the crystals
were clearly visible. Many rocks on the rim of Bench Crater were reported to be
spattered with glass.

Samples were collected {rom three small, very fresh, blocky-rimmed craters
that apparently penetrate through the regolith into the underlying materials. The three
craters are Sharp Crater (approximately 14 meters across and 3 meters deep), Block
Crater (approximately 13 meters across and 3 meters deep), and an unnamed crater

(2 meters across and 0. 5 meter deep) that lies on the south rim of the Surveyor Crater
just north of Halo Crater.

Sharp Crater has a 66. 7-centimeter-high rim that is composed of material with
a high albedo. The material has been splashed radially arcund the crater and is softer
than the normal regolith. A core tube driven into the rim of the crater penetrated the
ejecta without difficulty. Samples collected at this location may show the youngest ex-
posure ages. Sharp Crater appears to have just penetrated the regolith; a terrace on
the floor probably is controlled by the subregolith bedrock.

At Block Crater, located high on the north wall of Surveyor Crater, almost all
the ejected blocks are sharply angular, which indicates that the crater is very young.
Many blocks clearly show lines of vesicles that are similar in appearance to vesicular
lavas on earth. The blocks probably are derived from an older coarse blocky ejecta
deposit underlying the rim of the Surveyor Crater.

The 4-meter blocky crater on the crest of the southern rim of the Surveyor Cra-
ter may have been excavated in an old rim deposit at a depth of less than 0.5 meter.
The regolith at this location may be very thin.

One notable difference between the rocks from the Apollo 12 site and those from
the Apollo 11 site is that the Apollo 12 rocks are predominantly crystalline, whereas
approximately half of the Apollo 11 rocks were crystalline and half were microbreccia.
The difference probably is due to the fact that the Apollo 12 rocks were collected pri-
marily on or near crater rims. The regolith on the crater rims is thin or only weakly
developed, and many of the rocks are probably from craters that have been excavated
in bedrock well below the regolith. The Apollo 11 site, in contrast, was located on a
thick mature regolith where many of the observed rock fragments were produced by
induration of regolith material and ejected from craters too shallow to excavate
bedrock.

Lunar-Soil Mechanics

The properties of the Apollo 12 regolith may be presented best by a comparison
with the properties of the Apollo 11 soil. The two sites were similar in the following
respects.

1. Lunar module touchdown: Similar penetrations were observed under similar

landing conditions, indicating that the soil-bearing capacities at the two sites are of the
same order of magnitude.
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2. Astronaut boot prints: The depth of the boot prints of the Apollo 12 astronauts
was of the same order observed for the Apollo 11 astronauts; that is, less than 1 cen-
timeter in the immediate vicinity of the LM and in the harder soil areas and up to sev-
eral centimeters in the soft-soil areas, especially in the rims of small and relatively
young craters.

3. Color, grain size, adhesion, and cohesion: Most of the Apollo 12 soil sam-
ples are visually identical to the Apollo 11 soil samples. The similarities of these
properties are discussed further in the section on fines.

The two sites were significantly different in the following respects.

1. Lunar-surface rocket-exhaust erosion: The Apolic 12 astronauts experienced
creater loss of visibility because of soil erosion during the LM landing than did the
Apollo 11 astronauts. Further analysis is necessary to determine whether the loss of
visibility was caused by different soil conditions, by a different descent profile, or by
both.

2. Core-tube penetration and trenching: The Apollo 12 astronauts were able to
drive the core tubes to the full depth (approximately 70 centimeters for the double core
tube); whereas the Apollo 11 astronauts were able to drive the tubes only about 15 cen-
timeters. A different bit design was used on the Apollo 12 core tubes which probably
helped in driving them. The Apollo 12 trenches were dug to a depth of 20 centimeters,
and the astronauts reported that the trenches could have been extended to a consider-
ably greater depth without difficulty. The Apollo 11 astronauts could dig only about
10 centimeters.

3. Color and grain size: The differences in the color and grain size of the lunar
soil are discussed in more detail in the section on fines.

A preliminary comparison of the photographs taken by the Apollo 12 astronauts
at the Surveyor III site with the photographs relayed to earth by Surveyor I in
April 1967 suggests that the lunar surface has undergone little change in the past
2-1/2 years. The trenches excavated by the Surveyor III soil-mechanics surface sam-
pler and the waffle pattern of the Surveyor III footpad imprint appear much the same in
the Apollo 12 photographs as when they were formed. The astronauts reported that
Surveyor III was coated with a thin layer of dust.

SAMPLE LOCATIONS

A preliminary search was made to determine the localities of the contingency
sample, the selected samples collected during the first EVA, and the documented and
tote-bag samples collected during the second EVA. The contingency sample was well
documented with Hasselblad photographs taken by the CDR and with 16-millimeter
time-sequence photographs taken from the right-hand window of the LM. The scoop
marks can be seen clearly in these photographs. Two rock fragments collected as
part of the contingency sample have been tentatively identified in the photographs.

22



Each selected-sample collection site generally was photographed once. A very
preliminary search has been undertaken to identify the selected samples in these photo-
graphs; however, much work remains to be done to complete this task. Three of ap-
proximately 20 sample sites have been tentatively identified.

The collection of samples during the second EVA was planned to be documented
by a series of four photographs: three (including a stereopair) to be taken before col-
lection and one to be taken after collection to record the site from which the sample
had been removed. This photographic plan was followed in only a few cases, and the
documentary record of the samples returned from the second EVA is not sufficient for
identification of all the samples. Thus far, eight individual rocks have been identified
in the Hasselblad photographs taken during the second EVA. Four samples have been
tentatively identified, and the locality of another four samples is fairly well known.
The locality of approximately 10 samples is not known.

SAMPLE IDENTIFICATION AND ORIENTATION

The identification and orientation of the samples were based on the comparison of
the photographs taken in the LRL with the photographs taken on the lunar surface before
and after the samples were collected. Two sample identifications (samples 12052 and
12054) were verified in the LRI by recrienting the samples under a photographic lamp
to duplicate the characteristic shadows shown in the EVA photographs. More samples
will be verified this way.

Contingency Sampie

The contingency sampie was collected in full view of the sequence camera on and
near the southeast rim of a 6-meter-diameter crater approximately 15 meters north-
west of the LM (figs. 3 and 4(a)). The sample was collected in six distinct scoop mo-
tions and consisted of a total of 1.9 kilograms of selected rock fragments {three of
which were more than 5 centimeters in the longest dimension), fine-grained material,
and at least one glass bead. The locations of the areas that were scooped (fig. 4(a))
were identified in the sequence-~camera photographs taken from the LM windows before
the first EVA. All six sample scoop marks are documented on surface photo-
graphs AS12-46-6719 to AS12-46-6723.

The first and sixth scoops included rock fragments that were visible from the LM
windows before sampling; these fragments may be samples 12075 and 12073, respec-
tively. These samples, which are shown in Hasselblad photograph AS12-48-7031
(fig. 4(@)), were collected from a group of small rocks alined roughly northeast/
southwest between two small craters located 15 meters northwest of the LM. Most of
the rocks appear to have fillets banked against them. The surface near the line of
rocks has numerous small craters that may have contributed to the fillets; however,
it has not been determined whether any of the rocks were the projectiles that caused

the craters. The suggested selenographic orientations of samples 12073 and 12075 are
shown in figures 4(b) and 4(c).
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(a) Contingency-sample collection area showing the sequence and direction of the
six scoops and the positions of the samples before collection (AS12-48-7031).

{b) Suggested selenographic orientation of sample 12073 (NASA-5-69-61060).

Figure 4. - Extravehicular activity photograph and orientation diagrams
of Apollo 12 contingency samples.
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(c) Suggested selenographic orientation of sample 12075 (NASA-S-69-61490).

Figure 4. - Concluded.

Selecied Samples

The identification and orientation of the presampling position of three selected
sample rocks (samples 12004, 12021, and 12022) have been tentatively determined.
Three other rocks (samples 12006, 12008, and 12014) have been tentatively identified,
but the orientation in the surface photographs has not yet been determined. The areal
distribution of the selected samples (table V) was determined from the study of surface
photographs and from the verbal transcript of the EVA communications. Specific sam-
ple numbers are given for several other rocks where identification was aided by the
astronaut's description.

25



TABLE V. - AREAL DISTRIBUTION OF SELECTED SAMPLES

Location Type of sample Sample number
Small mound north of ALSEP Rocks (2) 12017(?)
Large mound south of ALSEP Rocks (5) 12008(?)
12021(?)
12022(?)
On or near rim of Middle Crescent Rocks (7) 12004(?)
Crater 12006(?)
12014(?)
12015(?)
12016(?)
Intercrater area near ALSEP and Rocks (6) (?)
northwest of LM Fines with
glass (1)

Sample 12004. - Sample 12004 has been tentatively identified in Hasselblad photo -
graph AS12-47-6936 (fig. 5(a})), which was taken at the photographic panoramic site

(a) Sample 12004 before collection (AS12-47-69386).

Figure 5. - Extravehicular activity photographs and
orientation diagrams of Apollo 12 selected
samples. -
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near the rim of Middle Crescent Crater. The rock appears in the photograph as an
isolated rock fragment that is standing on end approximately half embedded in the lunar
regolith. The specimen was correlated with NASA photograph S-69-62023. The sug-
gested selenographic orientation of sample 12004 is shown in figure 5(b).

(b) Suggested selenographic orientation of
sample 12004 (NASA-S-69-62023).

Figure 5. - Continued.

Sample 12021. - Sample 12021 has been tentatively identified in Hasselblad photo-
graph AS12-47-6932 (fig. 5(c)), which was taken from the area near the eastern bhase of
the large mound located between Head Crater and the ALSEP site. The rock specimen
was correlated with NASA photograph S-69-61986. A model of sample 12021 under sim-

ulated lunar conditions is shown in figure 5(d). The suggested selenographic orientation
is shown in figure 5(e).
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(c) Sample 12021 before collection (d) Photograph of model of sample 12021 under

28

(AS12-47-6932). simulated lunar conditions.

l— Piece broke off in LRL
before model was made

bt cm

(e) Suggested selenographic orientation of sample 12021
(NASA -5-69-61985).

Figure 5. - Continued.



Sample 12022. - Sample 12022 has been tentatively identified as the rock shown
Just beneath the tongs in Hasselblad photograph AS12-47-6933 (fig. 5(f)). If correctly
identified, the sample is a piece of embedded crystalline rock that was collected ap-
proximately 66.7 centimeters from the top of the large mound north of Head Crater.
The rock may not be representative of the bulk of the mound material, which appears
to be composed predominantly of aggregates of fine particles. The mound may be a
large clot of regolith material that was ejected from a nearby crater. The specimen
was correlated with NASA photograph S-69-61999 on the basis of the diagnostic triangu-
lar shape and the chipped depression at the small end of the rock. The suggested sele-
nographic orientation of sample 12022 is shown in figure 5(g).

(AS12-47-6933).

—F

(g) Suggested selenographic orientation of
sample 12022 (NASA-S-69-61999).

Figure 5. - Concluded.
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Documented Samples

The areal distribution of all samples collected during the documented sample
traverse of the second EVA is shown in table VI.
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TABLE VI. - AREAL DISTRIBUTION OF DOCUMENTED SAMPLES

Location Type of sample Sample number Container
On or near the Rocks (4) 12031 Bag 3-D
rim of Head 12034 Bag 6-D
Crater 12052 D-ALSRC
12055 D-ALSRC
Fines (2) 12030 Bag 1-D
12033 Bag 5-D
On or near the Rocks (6) 12035 Bag 7-D
rim of Bench 12036 Bag 8-D
Crater 12038 Bag 9-D
12039 Bag 10-D
12040 Bag 10-D
12053 D-ALSRC
Fines (3) 12032 Bag 4-D
12037 Bag 8-D
12041 Bag 11-D
On or near the Core tube 12027 Core
rim of Sharp Lunar environment 12023 LESC
Crater Gas analysis 12024 GASC
On the rim of Core tube 12025 Double core 1
10-m crater Core tube 12028 Double core 2
south of Halo
Crater
On or near the Rocks (11) 12043 Bag 14-D
rim of Surveyor 12045 Bag 15-D
Crater 12046 Bag 15-D
12047 Bag 15-D
12051 D-ALSRC
12054 D-ALSRC
12056(?) D-ALSRC
12062(?) Tote bag
12063(?) Tote bag
12064(?) Tote bag
12065(7) Tote bag
Fines (2) 12042 Bag 12-D
12044 Bag 14-D




Sample 12030. - Sample 12030 consists of the group of fragments that are shown
in Hasselblad photographs AS12-48-7043 and AS12-48-7044. The sample was collected
by the LMP from a crater (approximately 1 meter in diameter) located on the outer
northeast flank of the rim of Head Crater. The LMP passed this small crater as he
traversed from the LM to join the CDR on the north rim of Head Crater; the precise
position has not been determined accurately. The sample includes part of the frag-
mental lining of the 1-meter crater. Most of the lining appears to consist of weakly
coherent aggregates of regolith material and resembles the lining observed in experi-
mentally produced secondary craters. The LMP reported the collection from the cra-
ter of several small fragments that were partly glass covered. Other fragments that
he attempted to pick up with the tongs were soft and crumbled. The {ragments with the
glass coatings may have been embedded in the regolith at this site or may have been
part of the projectile that formed the 1-meter crater.

Sample 12031. - Sample 12031 has been identified in Hasselblad photo-
graphs AS12-49-7189, AS12-49-7190, and AS12-48-7048 (fig. 6(a)), taken before col-
lection, and in Hasselblad photograph AS12-48-7050, taken after collection. The
identification of this sample is precise because photographs were taken both before
and after collection and because the sample was put into a prenumbered bag (3-D)and
identified when it was picked up. The sample was collected from a small cluster of
rocks about 2 meters southeast of the trench that was dug in the northwest rim of
Head Crater and was almost half buried in the fine-grained regolith. There is the sug-
gestion of a small fillet banked on the north and northeast sides of the rock. Other

(a) Sample 12031 before collection (AS12-48-7048).

Figure 6. - Extravehicular activity photographs and
orientation diagrams of Apocllo 12 documented
samples.
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nearby rocks have fillets with predominailtly similar orientations, indicating a possible
source of material to the north or northeast. The selenographic orientation of sam-
ple 12031 is shown in figure 6(b).

NASA-
5-69-
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NASA-\ NASA-\ NASA-
: $-69-\ $-69- \ 5-69-
s o 61811\ 61832\ 61817
2 | (U NNASA-A
- A il \\ 1 5-69-
S~ = > N \
i \
—
NASA-5-69-61831 cm Photographic index

(b) Suggested selenographic orientation of sample 12031.

Figure 6. - Continued.
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Sample 12032. -~ Sample 12032 includes soil and small rock fragments. The sam-
ple has not been identified in Hasselblad photographs, but the astronauts indicated that
the sample was taken from the north rim of Bench Crater. The astronauts noted light-
gray material just below the surface at this locality that was similar to the material
which they had observed at the Head Crater trench site.

Sample 12033. - Sample 12033 is a soil sample that was collected approximately
15 centimeters below the surface in a trench dug on the northwest rim of Head Crater
near the site of sample 12031. The material that was sampled from the i{rench was
noticeably lighter gray than the surface of the regolith at this site or than the material
noticed by the astronauts in the vicinity of the LM and the ALSEP deployment area.
The trench, at several stages of excavation, is portrayed clearly in Hasselblad photo-
graphs AS12-49-7191 to AS12-49-7196 (taken by the CDR), and AS12-48-7049,
AS12-48-7051, and AS12-48-7052 (taken by the LMP).

Sample 12034. - Sampie 12034 is a specimen of microbreccia that was dug from
the bottom of the trench on the northwest side of Head Crater where soil sample 12033
was taken. After excavation, the specimen was placed on the surface near the trench
and photographed by the CDR (Hasselblad photographs AS12-48-7195 and AS12-49-7196).
The site where the specimen was placed and later removed is shown in Hasselblad
photographs AS12-48-7051 and AS12-48-7052 (taken by the LMP). When unpacked in the
laboratory, the specimen was coated with the light-gray fine-grained regolith material
in which it was buried in the trench.

Sample 12035. - Sample 12035 consisis of six principal fragments that were broken
from a fractured almost-buried rock on the northwest rim of Bench Crater. The frac-
tured rock is shown clearly in Hasselblad photographs AS12-49-7336 and AS12-49-7337
(taken by the CDR) and AS12-48-7034 (taken by the LMP). The rock appears to have
impacted the surface at this site relatively recently and to have broken on impact. The
impact of the rock produced a small crater that is much more freshly formed than
other craters on the rim of Bench Crater and is not, therefore, related directly to
Bench Crater. Small pieces broken from the rock in the LRL were found to be weak
and friable; the original rock was apparently very weak and may have been partly
crushed by shock during ejection from some moderately distant crater. It does not
appear possible to determine the field orientation of any of the individual fragments re-

turned or to relate them to the individual parts of the original rock in the lunar-surface
photograph.

Sample 12036. - Sample 12036 is an individual rock specimen that was collected
near the site of sample 12035 on the northwest rim of Bench Crater. On the basis of
their field observations, the astronauts believe this rock fragment at some time may
have been broken from the fractured rock from which the pieces of sample 12035 were
collected. Sample 12036 has not yet been identified in the photographs but may be rec-
ognized after further study.

Sample 12037. - Sample 12037 is a soil sample that was collected and placed in
the bag with the rock fragment of sample 12036.

Sample 12038. - Sample 12038 is a rock fragment that was collected from the
west rim of Bench Crater. The specimen may be shown in Hasselblad photo-
graphs AS12-49-7240 and AS12-49-7241 (taken by the CDR) but has not yet been
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identified. At this locality, abundant coarse rock iragments occur that probably were
excavated from beneath the regelith and ejected from Bench Crater.

Samples 12039 and 12040. - Samples 12039 and 12040 are rock specimens collected
from the west rim of Bench Crater near the site of sample 12038. These rocks may be
shown in Hasselblad photographs AS12-49-7240 and AS12-49-7241 {taken by the CDR be-
fore sample collection)} but have not yet been identified. The specimens were picked up
from the surface and then laid down near the tool carrier and photographed by the CDR
(Hasselblad photographs AS12-49-7242 and AS12-49-7243) before they were placed in
the sample bag. The astronauts tried to be selective in choosing rocks that they thought
most likely represented material ejected from the bottom of Bench Crater. Sam-
ples 12038, 12039, and 12040 represent the rocks brought back from this selection.

Sample 12041. - Sample 12041 is a soil sample collected a short distance east of
Bench Crater on the traverse between Sharp Crater and Halo Crater. The material
consists mostly of fine particles but includes a 6. 4-millimeter-diameter glass sphere.
The locality was not documented by photographs.

Sample 12042. - Sample 12042 is a soil sample taken on the outer flank of the
Surveyor Crater rim, about 50 meters northwest of Halo Crater. The general site
from which the sample was taken is shown in Hasselblad photographs AS12-49-7282 to
AS12-49-7284 (taken by the CDR) and AS12-48-7072 to AS12-48-7076 (taken by the LMP).
This area was noted by the astronauts as being different in texture from the other parts
of the lunar surface over which they had walked. The surface was strewn with abundant
cohesive clots or aggregates of fine-grained regolith material ranging in diameter from
1 to 2 millimeters to a few centimeters. Many of the clots occupied small pits that
probably were formed by the impact of the clots on the surface. The area is evidently
a small patch or ray of secondary particles, but the probable source of the particles
has not been determined. The precise spot from which the sample was taken apparently
was not photographed after sample collection.

Samples 12043 and 12044. - Sample 12043 is a rock specimen collected on the south
rim of the Surveyor Crater during the traverse between Halo Crater and the Surveyor II
spacecraft. The rock appears to be resting mostly on the surface and has no clear-cut
genetic relation to any of the surrounding surface features. Sample 12043 is the largest
of three specimens collected at a spot where the astronauts observed a prominent dou-
ble glass bead on the surface.

Sample 12044 is a soil sample that includes a double bead of glass. The glass has
. been identified in Hasselblad photographs AS12-48-7082 and AS12-48-7083 (fig. 6(c))
(taken by the LMP). The bead is 3 centimeters long and initially was included with the
sample that was assigned the number 12044 after removal from sample bag 14-D in the
LRL.
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were derived from Block Crater, which was excavated, in turn, in the ejecta rim of
the Surveyor Crater. Thus, these samples probably were derived ultimately from the

Surveyor Crater and may have come from depths as great as several tens of meters
at this locality on the Ocean of Storms.

Sample 12051. - Sample 12051 is one of the distinctive large fragments collected
guring the second EVA. The fragment is part of the blocky ejecta from a fresh
4-meter-diameter crater on the south rim of the Surveyor Crater and is shown clearly
in Hasselblad photographs AS12-49-7318 (fig. 6(d)) and AS12-49-7319 (taken by
the LMP). The sample was picked up by hand by the CDR while the LMP steadied him
with a strap from the tote bag. The site from which the sample was removed is shown
in Hasselblad photograph AS12-49-7320. This specimen is characterized by a sheared
surface on one side that was described by the astronauts. Part of both the sheared sur-
face and the opposite convex surface of the specimen was buried in the regolith. The
suggested selenographic orientation of sample 12051 is shown in figure 6(e).

(d) Sample 12051 before collection (AS12-49-7318).

Figure 6. - Continued.
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(e} Suggested selenographic orientation of sample 12051.

Figure 6. - Continued.
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The surface of sample 12051 exhibits three faces that have distinctly different
shapes and weathering characteristics, indicating different exposure ages. Surface A
(fig. 6(e)) is rounded and covered by many small glass-lined pits; surface B is appar-
ently a fracture surface and displays only a few small pits; surface C is flat and ap-
pears to be a freshly broken surface without pits. At the time of collection, the rock
was standing on the small end approximately half embedded in the regolith.

Surface B on sample 12051 appears to be an older fracture face that probably re-
sulted from another blow by impact at an earlier time. The minor pitting and weather-
ing of surface B indicates postiracture exposure on the lunar surface before the event
that formed surface C and buried surface B.

The rounded heavily pitted appearance of surface A indicates a long period of ex-
posure on the lunar surface for sample 12051. The two broken surfaces of different
ages (surfaces B and C) attest to multiple bombardment and tumbling of the rock at or
near the surface of the regolith.

The occurrence of this rock and other rounded and angular rocks in the rim of the
rocky young crater indicates high probability that sample 12051 represents ejecta from
the small crater — either from a fragmented impacting body or from displaced rego-
lith or subregolith material at the impact site. In either case, the unpitted shear face
probably resulted from the impact that formed the small crater. The angle of the spec-
imen when found suggests that the rock fell into place together with enough surrounding
fine material to hold it in position. Determining the exposure age of the portion of the
flat side which was above the lunar surface might date the small crater.

Sample 12052. - Sample 12052, a large rock rounded on one side, was collected
from the west rim of Head Crater and is shown clearly in Hasselblad photo-
graphs AS12-49-7217 and AS12-49-7218 (taken by the CDR) and AS12-48-7059 (taken by
the LMP). The rock apparently was moved from the original site beforethe photographs
were taken. Therefore, although the specimen can be oriented precisely with respect
to the position in the photographs, the orientation shown in the photographs probably
does not represent the orientation of the rock before it was disturbed. The lower angu-
lar part of the rock apparently was partially buried in the regolith, but the rock rested
on the surface in the position shown in the photographs. A drag mark near the sample
indicates the place from which the rock was removed. At least two pieces on one side
of the specimen were broken off after the rock was photographed on the lunar surface
and before it was photographed in the LRL. Sample 12052 is shown in figure 6(f) as it
was photographed on the lunar surface and in figure 6(g) as it was photographed in the
- LRL with nearly identical orientation and shadow characteristics.
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(g) Reconstructed selenographic orientation of sample 12052 (NASA-S-70-22673).

Figure 6. - Continued.

39



Sample 12053. - Sample 12053 is an angular fragment collected from the northwest -
rim of Bench Crater. The fragment appears to be part of a field of coarse fragments on
the rim that probably were ejected from the crater. The specimen is identified readily
in Hasselblad photographs AS12-49-7234 and AS12-49-7235 (taken by the CDR) and
AS12-48-7063 (taken by the LMP). The rock was rotated out of the original position
before the first photographs were taken; therefore, the original orientation is uncer-
tain even though the site is well documented.

Sample 12054. - Sample 12054 is an unusual glass-coated rock collected a short
distance south of the fresh 4-meter crater with which sample 12051 is associated. The
astronauts believed that the rock may have been ejected from this small fresh blocky
crater. The specimen is shown clearly in Hasselblad photographs AS12-49-7313 to
AS12-49-7315 {fig. 6(h)) (taken by the LMP). In these photographs, the specimen can
be seen to be resting on the surface. Three sides of the rock are coated with glass and
two sides are free of glass. When photographed, the specimen was resting on one
glass-free side; the other glass-free side was oriented toward the southeast. The field
relations suggest that the rock was sprayed with glass in the position in which it was
found on the surface and that the spray came from the west. Because the rock was
found to exhibit shock damage in the LRL, an alternate possibility is that the glass was

(h) Sample 12054 before collection (AS12-49-7315).

Figure 6. - Continued.
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sprayed onto the rock as it was ejected from an impact crater and, by coincidence, the
rock landed on a side not coated with glass. The LRL reconstruction of the orientation
and lighting as seen in the lunar-surface photograph of sample 12054 is shown in
figure 6(i).

(i) Reconstructed selenographic orientation of sample 12054 (NASA-S-70-22696).

Figure 6. - Continued.

Sample 12055. - Sample 12055 is a tabular rock that is shown undisturbed before
collection in Hasselblad photographs AS12-49-7197 (fig. 6(j)) and AS12-49-7198. The
sample was moved slightly from the original position, as shown in photographs
AS12-49-7199 and AS12-49-7200 (fig. 6(k)) (taken by the CDR) and AS12-48-7053 to
AS12-48-7055 (taken by the LMP). - After it was moved, the sample was described by
the LMP as having a distinctly gray tone on the lower half (shown clearly in photograph
AS12-48-7055). The color change apparently represented the line of burial; however,
it is interesting to note in the undisturbed photograph (fig. 6(j)) that a fillet almost
covers the northeast side of the rock to a point well above the reported line of color de-
marcation. This implies that the fillet may be relatively young in the exposure history
of sample 12055 in the orientation in which it was collected, because no obvious color
difference was related to the line of fillet burial.
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Sample 12056. - Sample 12056 is a tabular angular rock that has not been recog-
nized in the surface photographs; however, the sampling locality has been tentatively
placed near the Surveyor spacecraft. The rock is believed to be one of the four selected
loose rock fragments described by the astronauts.

Tote-Bag Samples

Sample 12062. - Sample 12062 is tentatively identified in Hasselblad photo-
graph AS12-48-7139, which was taken near the Surveyor spacecraft. The rock is
viewed from the southeast in the surface photographs, displaying the most rounded and
densely pitted side of the rock. The rock appears to be about one~third buried, and a
fillet is well developed on the east side.

Sample 12063. - Sample 12063 was the largest rock returned in the tote bag and,
thus far, has not been recognized in any of the surface photographs.

Sample 12064. - Sample 12064 is a large rock that has a distinctively angular
shape. This rock may be the one described by the astronauts as a square rock col-
lected near the Surveyor spacecraft.

Sample 12065. - Sample 12065 has not been identified in the Hasselblad photo-
graphs but may be the "'grapefruit'’ rock described by the CDR on the traverse between
the ALSEP site and Head Crater early during the second EVA.

5AMPLE INFORMATION

Mineralogy/Petrology

Most of the large rock samples returned from the Apollo 12 mission are holocrys-
talline and have ranges of textures and mineralogical compositions that are character-
istic of igneous origin. Two breccias also were returned. The crystalline rocks are
similar to the Apollo 11 microgabbros and basaltic rocks in that they consist essentially
of clinopyroxene, calcic plagioclase, olivine, and ilmenite. However, they contrast
with the Apollo 11 suite in that they exhibit wide ranges in modal mineralogy, grain
size, and texture. :

Mineralogical composition. - The mineral species identified in the Apollo 12 sam-
ples are similar to those observed in the Apollo 11 materials. Glass, plagioclase, py-
roxene, olivine, low cristobalite, ilmenite, sanidine, spinel, troilite, and iron (Fe)
metal have been identified positively. Tridymite, metallic copper (Cu), and the Fe
analog of pyroxmangite have been tentatively identified. X-ray data are presented in
table VII.

Plagioclase is present in every rock sample and ranges from approximately 5 to
10 percent (sample 12075) to 70 percent (sample 12013). The estimates of composition
were based on extinction-angle measurements and indices of refraction and range from
An50 to An9 0 with the median value falling near AnSO‘ Although some plagioclase is
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zoned, most is twinned. Lath- shaped crystals prevail, and pyroxene/plagioclase in-
tergrowths are very common.

TABLE VI. - X-RAY DATA

Olivine
Sample . . . . Plagioclase (fayalite . s . Pyroxene .
number Pigeonite Diopside anorthite percent) Ilmenite Troilite | Magnetite (unidentified) Monticellite | Quartz
(a)
X-ray data 1
12060 | Very strong Very strong | Weak (40) Moderately Possible
weak
12062 | Very strong Very strong Weak Weak Strong
12063 | Very strong Very strong | Moderately Moderate Strong
weak (40)
12070 | Strong Very strong | Moderately Moderately Weak Possible | Very strong
weak (50) weak
12071 | Very strong Very strong | Moderately Moderately Weak Strong
weak (50) weak
X-ray data 2
B12077 (50)
12077 | Very strong Very strong Strong Weak
b
12076 (44}
12009 (44) Weak
‘12012 | Very strong Very strong | {(32) Moderate
X-ray data 3
12013 | Strong Very strong Strong
12014 | Very sirong Very strong | Strong (36) Moderate
12015 | Strong Very strong | Strong Strong (44) Moderate
12018 | Very strong Very strong | Strong (32) Moderately
weak
12004 | Very strong Very strong | Very strong Moderately
(32) weak
X-ray data 4
12020 | Very strong Very strong { Very strong Moderately
(32) weak
12065 | Very strong ! Very strong Moderate

ANumbers in parentheses indicate percent.

bOlivine sample.

Pyroxene
geonite and subcalcic augites are
tive indices indicate that the rati
pigeonite phenocrysts occur in porphyritic and coarse-grained rocks.
and subcalcic au

pies the core of some crystals,

augite is a deeper brown than the pigeonite.
grained, are darker than the phenocrysts, and are not zone
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intergrowths are common and range in size from 1-centimeter-long crystals to aggre-
gates in which the particles are only several microns across. Pyroxenes are the dom-
inant minerals in all but three samples.

Olivine was identified by X-ray diffraction and by optical properties. The esti-
mates of composition that were based on optics disagree with those that were based on
X-ray data. The discrepancy was shown by spectrographic measurements to be caused
by a fairly high calcium (Ca)content. The samples for which X-ray, optical, and spec-
trographic data are available indicate a composition of about Ca 05Mg 60Fe 35° Qii-

vine commonly contains inclusions which are filled with devitrified glass or aggregates
of plagioclase, pyroxene, and ilmenite. Some grains contain spherical-glass inclu-
sions. Fayalite grains were tentatively identified by their optical properties. In con-
trast to the Apollo 11 rocks, olivine occurs in almost all of the Apollo 12 samples.

Low cristobalite occurs as interstitial aggregates and as euhedral to subhedral
crystals. :

Ilmenite was identified by X-ray diffraction, by morphology, and by optical prop-
erties. The abundance ranges from less than 1 percent to 25 percent. In reflected
light, some grains show intergrowths with an unidentified oxide phase.

The presence of spinel is suggested by the octahedral forms of opaque minerals
of unknown composition that occur in olivine grains and in vugs. At least three other
unidentified opaque phases also are present.

Troilite is a ubiquitous phase in all polished thin sections.

Metallic Fe occurs as interstitial blobs not commonly associated with troilite
grains rather than as blobs in troilite as noted in the Apollo 11 rocks. It is more com-
monly associated with ilmenite than with any other phase.

Metallic Cu, tridymite, anc the Fe analog of pyroxmangite were tentatively iden-
tified by optical methods.

Glass occurs as minute interstitial material in some crystalline rocks, as beads
and groundmass in clastic rocks, and as a thin coating on several rocks.

Igneous rocks. - Approximately one-half of the igneous rocks have vesicles pres-
ent, and all have vugs. The vesicles range in diameter from 0.1 to 40 millimeters
and commonly are lined by tangentially or subparallel-oriented crystals of plagioclase,
pyroxene, or olivine. The vugs contain euhedral crystals of pyroxene and olivine and
less well-formed crystals of plagioclase, ilmenite, and spinel. The volume occupied
by vugs and vesicles in any rock is generally less than that in the Apollo 11 rocks. The
vugs are irregular and occur in the coarser rocks at the termination of the sheaflike
aggregates of pyroxene and plagioclase. In one sample, pyroxene crystals appear in
raised relief along a joint surface. Crystals in vugs and along joints are considerably
coarser in grain size than the crystals in the groundmass minerals. Variations in
cooling rates could be an explanation of the variety of grain sizes observed.
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The grain size of the igneous rocks ranges from 0.05 to 35 millimeters. The
textures show remarkable variations, many of which are common to volcanic and plu-
tonic rocks on earth. Many of the rocks are equigranular gabbros, some are ophitic
to subophitic diabases, and others are variolitic basalts. Feathering sheaves of
pyroxene/plagioclase intergrowths are found in the groundmass of porphyritic rocks
containing phenocrysts of pigeonite. The olivine crystals in more rocks are equant
euhedral grains that are somewhat coarser than the groundmass.

The mineralogical composition of the igneous rocks reflects the high FeO content.
The lower TiO2 contents (compared to the Apollo 11 rocks) are reflected in the smaller

amounts of ilmenite. The textural and mineralogical variations can be explained readily
by fractional crystallization and mineral accumulation during the cooling of basaltic
magmas.

The modal mineralogy shows a wide variation (fig. 7), especially when contrasted
with the Apollo 11 modes. The modes range from peridotites (sample 12075:
50 percent pyroxene, 40 percent olivine, and 10 percent plagioclase), olivine gabbros

Plagioclase

Pyroxene

Olivine

Apolio 11
- Apotlo 12

Opaque minerals

] 1 1 | ] I 1 | | J

0 10 20 30 40 50 60 70 80 90 100

Volume, percent

Figure 7.- Apollo 11 and 12 lunar-sample modal analyses.
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(sample 12036: 25 percent pyroxene, 40 percent olivine, and 25 percent plagioclase),
and gabbros (sample 12052: 40 percent pyroxene, 30 percent plagioclase, 15 percent
olivine, and 15 percent opaque minerals) to troctolites (sample 12035: 15 percent py-

roxene, 40 percent olivine, and 45 percent plagioclase) to picritic basalts (sam-
ple 12045).

Sample 12013, which consists largely of plagioclase and sanidine, appears to be

a late-stage differentiate on the basis of the modal mineralogy and trace-element
content.

Some rocks show evidence of planar features (such as fractures and lines of vugs)
but the rocks are generally without marked foliation or lineation. All of the rocks are
fresh and show no evidence of the hydration or oxidation reactions common during late-
stage terrestrial magmatic processes.

Breccias. - One rock is a fragmental breccia that is similar to the Apollo 11
breccias (ref. 1). Two breccia chips also were collected. The dominant constituents
of the breccias appear to be pyroxene and plagioclase with accessory olivine and glass.
Lithic fragments also are present. The average mineralogical composition appears to
be less olivine-rich than the majority of rock types collected. The fragmental breccia
appears to have a foliation in which both lithic and mineral fragments are subparallel.
The lithic fragments are as large as 20 by 10 millimeters and are both igneous and
fragmental rocks, indicating several periods of fragmentation and consolidation.

Fines. - The Apollo 12 lunar fines contrast with the Apollo 11 fines in that they
consist of different proportions of phases and, consequently, are lighter in color. The
major constituents (in decreasing order of abundance)are pyroxene, plagioclase, glass,
and olivine. The minor constituents, which total only a few percent, are ilmenite,
tridymite, cristobalite, nickel (Ni) Fe, and several unidentified phases. The Fe analog
of pyroxmangite was tentatively identified.

Glass totals roughly 20 percent of the Apollo 12 fines and includes spheroidal and
dumbbell-shaped objects and angular fragments. The color of the glass ranges from
colorless through pale yellow hrown and brown to dark brown; the index of refraction
generally ranges from 1.55to 1.75. Bubbles and solid inclusions are common in the
colored glasses. In contrast to the Apollo 11 fines, feldspar glass, dark to nearly
opaque spheroidal glass, and dark scoriaceous glass fragments are relatively rare.

The pyroxenes, mostly pale yellow to tan and brown, range widely in composition
and include augite, subcalcic augite, and pigeonite. They constitute about 40 percent of
the fines. The range of the indices of refraction is somewhat greater than that of the
pyroxenes of the Apollo 11 fines. Plagioclase has indices of refraction mostly in the
bytownite/anorthite range. A small amount of more sodic plagioclase also is present.
The olivine totals approximately 5 to 10 percent and is more abundant than in the
Apollo 11 fines. The few carefully measured grains fell in the compositional range
F°60-70' Many lithic fragments are present. Low tridymite is in the form of anhedral

grains, and the low cristobalite occurs as microgranular aggregates.

There are two fines samples of notably different character: (1) the light-colored
layers in the double core tube and (2) sample 12033, a documented fines sample
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collected from a trench dug near the northwest rim of Head Crater. The color of both
samples is light gray. Sample 12033 consists of clear, angular grains of feldspar with
some olivine and pyroxene and abundant basaltic glass. The coarser l-millimeter-
diameter glass fragments are pumiceous, exhibiting well-developed flow structure and
stretched vesicles, and the finer fragments are angular and somewhat vesicular. The
finer shards also show a flow structure consisting of oriented microlites. Sample 12033
is tentatively considered a crystal-vitric ash.

A significant feature of the fines is the presence of numerous very well-rounded
grains that have minutely chipped surfaces and that resemble grains in terrestrial de-
trital sands. Many of the grains are slightly elongate oblate bodies with a beanlike
shape and occur in size to well below 0.1 millimeter. Presumably the result of me-
chanical abrasion, the grains are chiefly glass; however, some are composed of pyrox-
ene, plagioclase, or intergrowths of these minerals.

Rock-surface features. - Most of the larger Apollo 12 crystalline rocks are simi-
lar tothe Apollo 11 rocks in that they are rounded on one surface and have glass-lined
pits. Angular fractured surfaces occur on some of the rocks.

Small pits (similar to those described in ref, 1) occur on the rock surfaces; the

density ranges from 1 to 30 pits/cmz. The angular bottom surfaces have few or no
pits. The pits that are visible under a binocular microscope range from 0.1 to 10 mil-
limeters in diameter and the depth-to-width ratios are approximately 1: 5. Most of the
pits are circular; exceptions are the oval-shaped pits in the coarse crystalline rocks
that have the long axis parallel to elongated feldspar or pyroxene crystals. The glass
linings of the pits vary greatly in thickness and vesicularity. Pulverized minerals
form 0. 5- to 1. 0-crater-width white halos around the pits on the crystalline rock sur-
faces. Where pit density is high, a 1- to 2-millimeter-thick crust of pulverized min-
erals is formed on the rock surface. Impact pits in glass coatings are surrounded by
radiating fractures. On many of the medium- to coarse-grained crystalline rocks, the
glass linings of the pits are raised slightly above the rock surface. These glass-topped
pedestals appear to be more resistant to erosion than the rock.

Irregular patches of glass are spattered on the rock surfaces. Two types (which
grade into one another) can be distinguished: thin films and thick, highly vesicular
coatings. The thin {less than 0.1 millimeter thick) films are brownish black in re-
flected light and brown in transmitted light, cover a 1- to 16-square-centimeter area,
are usually slightly vesicular, and adhere tightly to the rock surface. The thick (0.1 to
1 centimeter) coatings, which were found on samples from the bottom of a 1-meter cra-
ter, are light to dark brown, have vesicle sizes increasing from 0.1 to several milli-
meters from the base to the outer surface, and have smooth botryoidal surfaces.
Several highly fractured breccias and fine-grained crystalline rocks are covered with
the thick coating. The fractures in these rocks are filled to a depth of several centi-
meters. The contacts between the glass and the rock are sharp. The glass coatings
locally contain a large number of angular, highly shocked rock chips. Some of the
vesicular glass has been partly devitrified. A light-gray glass fragment of uncertain
origin with pronounced flow structure also was collected.
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Impact metamorphism. - Impact metamorphism in the Apollo 12 samples is simi-
lar to and as common as in the Apollo 11 samples. Impact-fused glass spherules and
beads and shock-vitrified mineral fragments are present both in the fines and in the
microbreccias.

Most of the large crystalline rocks apparently are unshocked or only weakly
shocked; several of the smaller crystalline rocks show evidence of moderate to strong
shock. A thin section of one of the smaller rocks shows extensive fracturing of the
plagioclase and partial vitrification and development of lamellar microstructures. The
coexisting clinopyroxenes have one or two sets of closely spaced lamellar twinning that
are absent in the clinopyroxene of similar unshocked crystalline rocks. Another rock
shows extensive shock vitrification.

Shocked microbreccia also is present in the Apollo 12 samples. Many small
fractured microbreccia fragments are held together by glass spatters. Breccia within
breccia, indicating a multiple-shock history, also was found.

Small pebbles were collected that are either glassy or aphanitic. The pebbles
are highly vesicular and some are vuggy. The pebbles are presumably the result of
melting and fragmentation caused by impact metamorphism. Some of the vesicles are
as large as 10 millimeters in diameter and occupy up to 50 percent of the preserved
fragment.

Chemical Analyses

Chemical analyses of the samples were conducted inside the biological barrier of
the LRL, mainly by optical spectrographic techniques, using an instrument with a dis-

persion of 5.2 A/mm. Three separate techniques were conducted as follows.

1. Determination of silicon (Si), titanium (Ti), aluminum (Al), Fe, Mg, cobalt
(Co), manganese (Mn), chromiuxm (Cr), sodium (Na), and potassium (K} with Sr used
as the internal standard

2. Determination of Mn, Cr, zirconium (Zr), Ni, Co, scandium (Sc), vanadium
(V), barium (Ba), Sr, yttrium (Y), and ytterbium (Yb) and other involatile elements,
using palladium (Pd) as the internal standard

3. Determination of lithium (Li), rubidium (Rb), Pb, boron (B), and other vola-
tile elements, using Na as the internal standard

The procedures were generally similar to those used to analyze the Apollo 11
samples; however, as a result of the experience with the Apollo 11 material, modifi-
cations were made to cope more effectively with the high concentration of the refractory
elements. For example, the ratio of admixed carbon (C) to the sample was increased
from 1:1 to 4: 1 for the method using Pd as the internal standard, and the range of pos-
sible intensity measurements was increased by a factor of 3, enabling a wider range of
concentrations to be covered effectively {for example, Ba and Zr). The reduction of a
sample to 2 powder was done in Spex agate vials in a mixer mill, in contrast toc hand-
grinding in agate mortars for the Apollo 11 samples.
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Computer programs were used to provide intensity data from the photoplate den-
sitometer data, in contrast to the hand processing of the Apollo 11 data. The cverall
precision of the determinations is +5 to 10 percent of the amount present. Accuracy of
the results was controlled by use of the international rock standard samples (G-1, W-1,
8Y-1, BCR-1, AGV-1, GSP-1, G-2, PCC-1, and DTS-1) for calibration. In addition,
the results were compared with the analyses of the Apollc 11 samples.

The spectrographic plates were examined to establish the presence or absence of
all elements that have spectral lines in the wavelength regions covered (2450 to 4950 K

and 6100 to 8600 A). Line interferences were checked for all lines (in particular by
elements such as Ti, Cr, Y, and Zr) present in high concentrations compared to most
terrestrial rocks. Wavelengths of the several principal lines were checked for those
elements that were not detected because line interferences caused by common elements
were occasionally visible. Several samples were brought from behind the biological
barrier and analyzed by atomic absorption procedures for Al, Ca, Mg, Fe, Ti, Na, and
K, and by a chemical colorimetric procedure for Si. The data reported for these ele-
ments in sample 12013 were obtained by these methods. The spectrographic data are
presented in tables VIII to XI and the atomic absorption data in table XII. The sample
weights provided for analysis were larger than for the Apollo 11 suites and were typi-
cally 100 to 150 milligrams.

The samples appear to be free from inorganic contamination, either from the
rock box or from the LM. Niobium (Nb), which constitutes 88 percent of the LM
descent-engine skirt, was detected in only two samples, sample 12013 with 170 ppm
and sample 12033 with 44 ppm. This amount is almost certainly indigenous to the rocks
and is geochemically consistent with the high abundance of the geochemically associated
elements Zr and Y. Indium, present in the seal of the rock boxes, was not detected
{the detection limit was 1 ppm). Values for Cu are not reported for the Apollo 12 rocks.
Sporadic contamination of the samples (up to several hundred ppm) was found because of
abrasion of the copper parts of the door mechanisms in the class III biological cabinets
where the sample preparation work was done.

TABLE VIIl. - EMISSION SPECTROGRAPHIC DATA FOR FINES MATERIALS

{2l Elements

7
Sample Rb, Ba, K. Sr, Ca, Na, Yb, Y, 2r. Cr. V. Se. T Ni, Co. Fe. Mn, Mg, ! Ly, | Ga. Al Si.
aumber pPpm pm ppm ppm percent| percent |ppm| ppm PPm ppm ppra | ppm | percent{ ppm ppm | percent pRM percent| ppm ; ppm | percert percent
12060 |2.3 « 0.2|180 - 20| 1000210 + 20| 7.85 0.30 | -- ;100 + 10§ 300 + 30,2800 - 100|78 - 5{S4 = 5| 2.25 (110 10{38+ 4| 16.3 [2100: 200] 6.0 | 8. 2[1t- 1] &9 18
i
512070 {3.2 + 0.2{420+ 20{1500 [170 - 20| 7.1 .30 --]1303 101670 + 502800 - 100(64 - 5[47 + 5] 1.85 |200 - 20]42 -+ 5 13.2 |1900: 200] 7.2 (1.2 -- T4 19.6 |
{b) Oxides
T
Sample S10,. TI0,, ALO,, FeQ, MgO. a0, ¥z,0, K0, MnQ, Cry0y, 20y, NiC. Total
aumber percent percent percent percent percent percent percent percent percent percent percent percent percent
12060 392 3.8~ 0.5 131 21+ 1 10+ 1 1«1 0.40+ 0.05 0.12 « 0.01 0,27+ 0.01 0.41: D.02 0.04 - 0.005 0.014 + 0.001 99. 05
b12010 422 2.1+ 0.5 4.1 7.1 12-1 0.1 40+ 0.05 L8 001 25 .41 .09 - 0.005 .02% - 0.001 99.5
a‘fn(e«mz sampte.

bContmgency sample.
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TABLE IX. - EMISSION SPECTROGRAPHIC DATA FOR SELECTED SAMPLES

{a) Elements

Sample{ Rb, | Ba, K, Sr, Ca, Na, Yb, ¥, | Zr,| Cr,| V,{ Sc, Ti, Ni, | Co, Fe, Mn,| Mg, Li, {Ga, Al, Si,
oumber| ppm | ppm| ppm | ppm|percent{ percent| ppry ppm| ppm| ppm|ppm| ppmi percent| ppm| ppm | percent | ppm|percent| ppm |ppm| percent| percent
12004 0.47| 60; 480 145 1.1 0.35 521 170|5800] 85 | 45 2.0 90| 50 17.9 |1750( 9.0 4.2 5.6 17.3
12009 87| 85| 520 116 7.1 .38 481 150{5200] 77 | 42 2.0 87! 46 15.5 {1450 7.5 5.5 5.7 19.2

12010 | 2.0 1801300 145 7.0 .38 87| 380|30501 50 | 5O 2.2 80| 39 15.2 |1400| 6.6 7 6.1 20
12011 {a) 80| 570 120 1.6 .41 52 | 165)4000] 85 | 58 2.0 85| 3¢ 16.3 | 1650 5.9 6.2 5.8 19.6
12012 .64 38| 460 110 6.5 .38 40| 120{3900 65 ; 38 1.85 (135} 48 17.9 | 1300 10.6 3.9 5.7 16.4
12013 |33 2150 1.66] 15C 4.5 .51 20 | 240 | 220041050 | 13 | 21 .72 (105} 13 1.8 950 3.6 [100 6.3 28.5
12014 .60{ 55| 560 100 6.8 .34 40 | 125(4000| 80 | 40 1.74 |105: 52 17.9 (135C| 10.86 4.4 5.3 16.4
12015 1.0 44| 510 115 7.0 .21 46 | 160|3900| 95 | 44 1.92 101 47 17.1 -- 8.4 10 5.8 17.8
12018 .58| 70| 520 110 6.2 -2% 48| 155(3500{ 82 [ 50 | 2.0 65! 50 15.9 }1500| 106.3 K 5.3 18.2
12020 .37 58| 650 120 6.6 .37 42| 150|3800( 50 | 49 1.68 80| 51 16.3 | 1450 9.6 6.0 5.1 18.2
12022 .17 38| 560 160 7.0 .27 621 160(2650( 65 | 52 | 3.36 401 36 17.1 1350 7.8 3.1 5.8 16.8
ANot detected.
(b} Oxides
Sample 810, Ti0,, A120 , FeQ, MgO, Ca0, Na O, ISO, MnQ, Cr,0 Zro NiO, Total
number 2 2 3 percent rcent reent 2 273 2 ;
percent | percent | percent e pe percent | percent | PEFCPMt | Loicent | percent | PeTeent | percent
12004 37 3.4 10.6 23 15 19 0.48 0.058 0.23 0.85 0.023 0.011 100.7
12009 41 3.3 10.8 20 12.5 10 .51 . 083 .19 .76 .020 -- 99.1
12010 43 3.7 11.5 19.5 11 9.8 .53 .16 .18 .45 .051 -- 99.9
12011 42 3.4 11 21 9.7 10.7 .55 . 069 .21 .58 -022 .01l 99.2
12012 35 3.1 10.8 23 17.5 9.3 .53 .0s5 .17 .51 .016 .017 100.0
12013 61 1.2 11.9 10 6.0 6.3 .69 1.5 .12 .15 .30 .013 99.7
12014 35 2.9 10 23 17.5 9.5 .48 . 068 .17 .58 .017 .013 99.2
12015 38 3.2 11 22 14 9.8 .37 . 062 .33 .57 .022 -- 99.4
12018 39 3.3 10 20.5 17 8.7 .39 .063 .19 .51 .021 -- 99.7
12020 39 2.8 9.7 21 16 4.3 .50 .078 .19 .55 .020 .010 99.1
12022 36 5.8 11 22 13 11 .36 .88 17 .39 .022 -- 99.6
TABLE X. - EMISSION SPECTROGRAPHIC DATA FOR DOCUMENTED SAMPLES
(a) Elements
Sample | Rb, | Ba, K, | Sr, Ca, Na, Yo, | Y, Zr. <r. Vv, | Se. Ti. Ni, | Ceo, Fe. Mn, Mg. Li. Ga, Al, Si.
number (ppm |ppm | ppm | ppm | percent | percent | ppm | ppm| ppm | ppm | ppm| ppm | percent |ppm | ppm | percent | ppm | percent| ppm | ppm| percent | percent
12033 |7.5 § 720 | 32401 260 8.2 0.40 12 | 260 950 2100 37 3 1.58 40| 34 12.4 6.5 15 8.3 19. 2
12034 | -- | 460 | 3500 | - 7.4 .48 == L 270 2100 | 2400 --| -- 1.50 1403 -- 10.3 1400 5.1 -- -- 8.0 22
12038 | .70 230 | 470 | 230 19 .45 68| 260 | 2200| 70| S5 1.92 141 23 13.2 3.9 5.5 6.4 22.9
10240 - 54 440 - 5.4 .13 - 63 180 | 4800 == == 1.50 170 -- 16.7 2200 0.3 - - 3.3 19
12051 .37| 48 | 470 | 185 8.6 .22 3| 175 2200f 75| 38 2.96 16| 25 15.5 5.7 4.5 6. 4 18.7
12052 | .80| S50 | 570 | 135 7.9 .33 42| 170 | 3708 | 105§ 52 2.16 32, 42 186.3 5.0 4.5 $.8 19.6
(b) Oxides
Sample Si0,, TiO,. AL0,, FeQ, MgO, a0, N2,0, K,0. MnO, Cr203. ZrQ,. NiQ. Teotal
number percent percent percent perceny percent percent percent percent percent percent percent percent percent
12033 41 2.6 18 16 10.7 11.5% 0.54 0.39 0.23 0.31 0.13 0. 018 95. 4
12034 47 2.5 15.1 13.3 8.4 10.4 .65 .42 .19 .35 .28 .018 98.6
12038 49 3.2 12 17 6.5 11 .60 L 057 .26 .32 L35 -- 104. 0
12040 41 2.5 6.3 21.5 17.¢ 1.6 .18 L0583 .28 .70 024 . 022 97.3
12051 40 4.9 12 20 8.5 12 .30 057 .30 .32 .024 -- 99. 4
12052 42 3.6 11 21 10 11 .45 . 069 .31 .54 .023 - 10. 0
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TABLE XI. - EMISSION SPECTROGRAPHIC DATA FOR TOTE-BAG AND CONTINGENCY SAMPLES

(a) Elements

Sample | Rb, | Ba,| K, | Sr, | Ca, Na, v, Y, | 2r, | Cr,| V. | 8¢, T, | Ni,| Co,| Fe, Mn, | Mg, |Li,| Ga, | AL s,
pumber | ppm | ppm | ppm | ppm | percent | percent | ppm| ppm ( ppm | ppm | ppm ) ppm percent | ppm | ppm | percent | ppm | percent |ppm | ppm| percent percent
12062 (>1 100} 650 | 225 8.3 0.3 | --| 85| 180|2600( 105} 78 | 2.8 20 34{ 15.5 |2000] 51 | 7.0] -- 6.3 19.2
12063 100| 650 | 225 1.9 .32 | --| 85] 190|3100| 85| 75| 3.1 0] 3 16.7 | 2000 5.4 | 75| -- 5.8 9.2
12064 | .76| 55{ 700 | 165| 8.8 a1 | -t 55| 170| 3000| 100 | 80 | 2.9 15| 40| 17.0 |250¢] 4.8 | 6.7} - 6.3 18.7
12065 | .72| 70| 600|135} 9.0 .29 | --| 48| 180|3500{ 135} 60 | 2.3 25| 34| 17.1 3200 6.8 | 8.0 -- 8.4 18.7
42071 | 4.5 [ 550 | 1800 [ 250 | 8.2 .30 ¢ -- | 160 | 1300|2400 42| 41| 1.85 |140| 28 | 12.8 [1400| 6.6 |25 - 7.9 19.6
2073 4.9 | 510 | 2100 230| 8.2 .20 | -- {180 1200|2800| s0| 42 1.85 |as0| 30| 3.0 j1500! 6.6 [25 7.9 15.1
120011 .e6] €0| 460|120 7.1 23 | --| 40| t3o0ls200{ 100 48 | 1.91 |105] 54| 18.7 |3208] 10.5 | 6.5 5.8 15.4
(b} Oxides
Sample $i0,, TiO,, A0, FeQ, MgO, Cao0, Na,0, K,0, MnO, Cr,0y 210, NiO, Total
mimber percent percent percent percent percent percent percent percent percent percent percent percent perc.em
12062 41 4.8 12 20 8.5 1.8 0.46 0.078 0.28 0.38 0. 024 - 98.9
12063 1 5.2 11 21.5 $ 11 .43 .08 .26 .45 .028 - 99.9
12064 40 4.8 12 22 8 12 .42 . 084 .32 .44 . 023 -- 100. 2
12065 » 3.8 12 22 ] 12.8 .38 .012 .41 .51 624 -- 9.8
220m 42 31 15 16.5 11 11.5 .42 .22 .18 .35 .18 .08 100.5
312073 a 3.1 15 16.7 1 11.5 .50 .25 .19 .41 .18 044 $9.9
12077 33 3.2 11 24 17.5 10 .3 . 058 .41 .91 .018 .013 100, 4

a'Brecctn.
TABLE XII. - ATOMIC ABSQORPTION DATA
Sample K,0, | Na,0, | CaO, | MgO, | ALO;. | FeO, | TiO,, | MnO, cr, | %sio,,
number 2 percent | percent 273 percent 2 percent | percent 2
percent | percent percent percent P percent
12013 1.96 1.20 6.30 8.00 12.0 12.8 1.17 0.19 0.245 61.2
12024
Breccia . 405 .61 10.0 9.53 14.3 15.3 2.5 .183 .24 46.0
Glass . 285 .49 10.0 9.80 12.7 15.3 2.5 .203 .24 45.5
12024 . 075 .32 9.0 11,95 8.1 22.5 4.0 L2717 .40 43.0
12033 .33 .65 10.2 9.1 14.0 14.4 2.3 .185 . 249 47.2
12034 .42 .65 10.4 8.35 15.1 13.3 2.5 .193 .24 47.2
12038 . 057 .66 10.70 6.75 13.2 17.8 3.5 . 245 . 245 48.0
12040 . 053 .18 7.6 17.10 6.3 21.5 2.5 L2717 .48 43.5
12051 . 057 .30 10.70 7.30 10.5 19.8 4.67 .274 .245 46.5
12055 . 0680 . 285 10.60 7.45 10.5 18.17 3.5 .30 .360 46.5
12057 .12 .91 9.170 8.61 11.3 21.6 5.84 .30 . 283 41.4
12072 . 060 . 215 8.20 | 14.1 9.8 20.86 3.5 .274 .475 45.5
12075 . 051 .19 7.53 | 15.5 7.7 20.0 2.3 . 245 .515 45.0
Biological .19 . 46 9.9 10.3 13.2 17.0 2.3 .21 .320 45.0
test sample

2The data for SiO
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The major constituents of the samples are (in order of decreasing abundance) Si,
Fe, Mg, Ca, Al, and Ti. The major silicate and oxide mineral phases present in the
samples indicate that O comprises the major anion. The elements Cr, Na, Mn, and K
are the minor constituents and have concentrations ranging from 0. 05 to 0. 6 percent;
occasionally, Ba and Zr reach these concentration levels. The other constituents are
present mostly at less than 200 ppm (0. 02 percent). The volatile elements (Pb, B,
bismuth (Bi), thallium (T1), and so forth) are generally below the limits of detection of
the spectrographic methods used, although Pb (approximately 30 ppm) and B (approxi-
mately 20 ppm) were detected in sample 12013. Gold, silver, and the platinum-group
elements were not detected in any samples.

The chemistry of the crystalline rocks is distinct from that of the fines material
and the breccias. The rocks are lower in Rb, K, Ba, Y, Zr, Ni, and Li and higher in
Fe and Cr. Several critical element ratios are also distinct. The K/Rb ratio averages
850 in the rocks compared to 450 in the fines. The average Fe/Ni ratio of 3000 in the
rocks (range from 2000 to 11 000) is much higher than the fines material ratio of ap-
proximately 600. The Rb/Sr ratio is very low in the rocks (0. 005) but is higher in the
fines (0. 02).

The fines material and the breccias are generally very similar in composition and
could not have been formed directly from the large crystalline-rock samples. The Ni
content of the breccias and fines material places an upper limit on the amount of mete-
oritic material contributed to the lunar-surface regolith. Using an average meteoritic
Ni content of 1.5 percent, the Ni content of the fines material represents a meteoritic
contribution of the order of 1 percent if all the Ni were extralunar.

The crystalline rocks show minor but significant internal variations in chemistry.
Nickel shows a striking decrease in concentration, by an order of magnitude. Chro-
mium displays a smaller relative decrease in the same direction, and Co shows a slight
decrease. Silicon increases as Mg decreases. Similar trends are shown by V, Sc, Zr,
Y, K, Ba, and Ca, although the variations are small. Critical element ratios (Fe/Ni,
Ni/Co, and Cr/V) decrease, and the V/Ni ratio increases with a decrease in Mg. No
significant trends are shown by K/Rb, Rb/Sr, or K/Ba ratios.

Sample 12013 is chemically unique. It is not analogous chemically to a terres-

trial anorthosite. The sample contains the highest concentration of silicon oxide (S1O2

(61 percent) yet observed in a lunar rock. The amounts of K, Rb, Ba, Zr, Y, Yb, and
Li are enriched by 10 to 50 times compared to the other rocks. These high concentra-
tions are suggestive of the terrestrial enrichment of elements in residual melts during
the operation of fractional-crystallization processes, and the sample may have crystal-
lized from a small volume of residual melt late in the cooling of a pool of silicate melt.
The ferromagnesian elements (Mg, Fe, Cr, Mn, Ti, Sc, and Co), although low in sam-
ple 12013 in comparison with the other rocks, are not strikingly depleted. Nickel, in
particular, is not depleted as it would be in terrestrial analogs. Sample 12033 from
the light-gray fines material shows some analogs in composition that contain high con-
centrations of Yb, Nb, and Rb.

A comparison of the Apollo 12 samples from the Ocean of Storms with the
Apollo 11 samples from the Sea of Tranquility shows that the chemical characteristics
of the samples at the two maria sites are clearly related. Both suites show the dis-
tinctive features that most clearly distinguish lunar from other material — high con-
centrations of ''refractory'' elements and low concentrations of volatile elements. In
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detail, numerous and interesting chemical differences exist between the Apollo 12 and
the Apollo 11 rocks. The main differences are as follows.

1. The Apollo 12 rocks and fines material have a lower concentration of Ti. The
range is 0.72 to 3.4 percent Ti (1.2 to 5.1 percent TiOz) compared with the range in

the Apollo 11 rocks of 4.7 to 7.5 percent Ti (7 to 12 percent TiOz).

2. The Apollo 12 samples have lower concentrations of X, Rb, Zr, Y, Li, and
Ba.

3. The Apollo 12 crystalline rocks have higher concentrations of Fe, Mg, Ni,
Co, V, and Sc. These concentrations are consistent with the more mafic character of
the Apollo 12 rocks.

4. The significant variation in the Apollo 12 rocks is among the ferromagnesian
elements, entering the principal mineral phases. In the Apollo 11 suite, a much wider
variation existed in the concentration of elements such as K and Rb, indicating a wider
range of crystallization. However, sample 12013 represents a much more extreme
composition (and probable later crystal fraction) than that of any of the Apollo 11 rocks.

5. The fines material collected at the Apollo 12 site differs from that collected
at the Apollo 11 site in that it contains approximately half the Ti content; more Mg; and
possibly higher amounts of Ba, K, Rb, Zr, and Li. The light-gray fines material of
sample 12033 is strongly enriched in Rb, Zr, Yb, and Nb relative to the other fines
material.

The chemistry of the Apollo 12 sampies does not resemble that of chondrites.
Nickel, in particular, is strikingly depleted. The samples are closest in composition
to the eucrite class of the basaltic achondrites; sample 12038 shows some similarities
to this class (table X). The possible "'lunar acid'' rock (sample 12013) does not re-
semble terrestrial granites or rhyolites or even tektites in the abundances of most
elements. The Apollo 12 material is enriched in many elements by one to two orders
of magnitude in comparison with estimates of cosmic abundances.

Gamma-Ray Spectrometry Analyses

Operation of the radiation-counting laboratory (RCL) followed the general proce-
dures developed for the Apollo 11 studies (ref. 1). The first RCL sample was received
for measurement on November 30, 1969, and probably would have been received ap-
proximately 1 day earlier if a glove failure had not delayed operations in the vacuum
laboratory. Because of the experience gained during the Apolio 11 analyses, the prep-
aration of samples for the RCL generally was completed more rapidly and at more
regular intervals.

For the RCL analyses, 11 samples were chosen from the contingency sample, the
selected samples, the documented sample box, the documented sample bags, and the
tote-bag samples. Analysis was performed by use of the Nal (T1) low-background spec-
trometer and the on-line computer data-acquisition system described in reference 1.
The samples were mounted in stainless steel cans that had 16. 2-centimeter diameters,
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0. 8-millimeter wall thicknesses, and bolt-type indium seals. Standard containers with
overall heights of 5.6 or 7.6 cenfimeters were used for all rock samples. The fines
were packaged in a cylindrical container, which was used in searches for magnetic
monopoles.

For this preliminary study, calibrations were obtained with a series of radioac-
tive standards prepared by dispersing known amounts of radioactive material in quan-
tities of Fe powder. Time did not permit recording a library of standard spectra with
the standard sources placed inside the actual steel containers. Therefore, empirical
corrections for the effects of the containers were made; these corrections were least

40K data and most serious for the 26Al and 22Na data.

important for the

The results of the analyses are summarized in table XIII. Because of the pre-
liminary nature of the investigation, rather large errors were assigned. In addition to
the statistical errors of counting, these errors include estimates of possible system-
atic errors caused by uncertainties in the detector-efficiency calibration.

Although many qualitative similarities exist between the RCL data on the Apollo 11
and the Apollo 12 samples, some notable differences also exist. The K concentration
of the Apollo 12 crystalline rocks is remarkably constant at about 0. 05 percent, and the
ratio of K to uranium (U) is about 2200. These properties appear to be significantly
lower than for the typical crystalline rocks from Apollo 11; however, the composition

TABLE XIII. - GAMMA-RAY DATA

::::g:i Weigght’a pexi'cc’ent plp‘:}:él pI;;n dz?nA/ll;g diran/tg Otherdz;atglcciggchdes Remarks
Crystalline rocks
12002 | 1530 | 0.044 - 0.04 {0.96+ 0.1 |0.24+ 0.033| 72+ 14|53+ 10| **mn, *2mn, ¥co, *Osc, 48
12004 | 502 | .048 + 0.004| .88 + 0.09| .25= 0.033|112+ 22|65+ 13| *Mn, co, 183, 48y
12039 255 | .060: 0.005|1.20: 0.12] .31+ 0.040| 80+ 16|45+ 9 | °6co, “*mn |
12053 | 879 | .051 % 0.004| .89+ 0.09| .25+ 0.033| 85+ 17]42+ 9 | Oco, By, Fsc, Sy ‘
12054 | 687 | .052+ 0.004| .77 0.08| .21+ 0.030] 43+ 9 142+ 9 | By, oo, Sun, s
12062 730 | .052+ 0.004| .81+ 0.08| .21+ 0.030] 65+ 13{34+ 7 |48y, 3o, Sun, *6sc
12064 | 1205 | 053+ 0.004| .88: 0.08| .24: 0.035| 58 - 12|44« 9 | *Oco, 4Bsc, 4By, S4my
Miscellaneous samples
12034 154 | 0.44+0.035(13.2+ 1.3 | 3.4+ 0.4 | 58+ 12{27+6 | *Mn Breccia
12073 | 405 278+ 0.022] 8.2+ 0.8 | 2.0+ 0.3 [125+ 25{60 + 12| 90co, *mn, *Bsc Breccia
12070 | 354 206+ 0.016] 8.6+ 0.6 | 1.5+ 0.2 |140+ 25|65+ 13} °Oco, By, #Bse, My Fines
material
12013 80 2.02+ 0.016{34.3+ 3.4 |10.7+ 1.6 Feldspathic
differ-
entiate

aWeight of sample counted.
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of one of the coarsely crystalline Apollo 11 rocks (sample 10003) very closely resem-
bled the chemical composition of the crystalline rocks shown in table XIII. The ratio

of thorium (Th) to U is approximately 4 for all typical materials in table XIII, the same
as for the materials from the Sea of Tranquility. The concentrations of the radioactive
elements K, Th, and U in the crystalline rocks of table XIII are all remarkably con-
stant and, on the average, much lower than for the comparable Apollo 11 rocks. Be-
cause so few samples from the two sites can be compared, the factor of biased sampling
of the lunar-surface material cannot be discounted.

The breccias and fines are very different from the crystalline rocks in several
respects. The K/U ratio for the breccias and fines is only 1400 to 1500, compared with
an average of approximately 2800 for the Apollo 11 materials. Thus, the Apollo 12
samples show even greater differences from terrestrial rocks and meteorites than did
the surface material from the Sea of Tranquility. Although the Th/U ratio remains at
approximately 4, the concentrations of all radioactive elements are much higher in the
breccias than in the crystalline rocks.

In general, the amount of cosmogenic 26Al and 22Na. appears to be saturated but
shows variations that may be related to chemical composition or to cosmic-ray expo-
sure. For example, sample 12034 was collected from a trench dug during the second
EVA and was buried approximately 10 to 20 centimeters. The saturation activities of

2E"Al and 22Na. are reduced by the amount expected because of attenuation of the irradi-

ation flux in the lunar soil.

Noble Gas Results

Several samples each of the fines material, breccias, and crystalline rocks re-
turned by the Apollo 12 astronauts have been analyzed for noble gas isotopes. The
analyses were performed by mass spectrometry, and the general procedures were the
same as for the preliminary examination of the Apollo 11 samples (ref. 1). Similar to
the Apollo 11 materials, the Apollo 12 fines and breccias are characterized by large
abundances of noble gases of solar-wind origin, as exemplified by the large relative

abundances of He and by the characteristic 4He/ 3He and 20He/ 22He ratios. Conversely,
the crystalline rocks contain much smaller amounts of the noble gases that arise mainly
from spallation reactions within the samples or from radiogenic decay. The noble-gas
isotopic contents for typical samples of all three types of the Apollo 12 lunar material
are listed in table XIV. The ratios are believed to be accurate to within + 2 percent

(except 4He/ 3He, which has a larger uncertainty) and the abundances to within + 20 per-
cent {except 84Kr (krypton), which is considerably greater).

Despite the general similarity in the noble gas content of the Apollo 12 and
Apollo 11 material, several real and significant differences exist. The noble gas con-
tents (in cc/g at STP) of the Apollo 12 fines and breccias are lower; the fines by a fac-
tor of 2 to 5 and the breccias by an order of magnitude. Using a model of formation of
the fines material by (1) degradation of surface rock, (2) surface irradiation by constant
solar wind, and (3) subsequent burial by additional fines material, the lower gas con-
tent of the fines implies a higher accumulation rate of material. The gas content of the
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TABLE XIV.- RARE-GAS DATA

Sample Type Total Rare-gas contents in 10'8, ce/g for —
number of weight,
sample g 3He 4He 20Ne 21Ne 22Ne 36Ar 38Ar 40Ar 841{1‘ 132xe

12060 Fines -- 2000 | 4 000 000G 70 GO0 200 5 000| 10 000} 2000 | 10 000 4 1
12070 Fines 1099 | 3000 | 7 000000100 000G 400 | 10 000} 20 OGO | 4000 | 10 000 |10 3
12034 Breccia 160 100 100 000| 8 000 50 700¢{ 2000, 300 3 000 1 1
12071 Breccia -- 800 | 2 000 000| 30 000 100 3 000 5 000 | 1000 5 000 5 1
12010

Light - 90 20 000 100 10 20 20 10 1 000 .01 .02

phase
Dark -- 1000 | 3 000 000|100 000 300 7 000{10 000 | 2000 | 40 000 ; 3 1
phase : !

12004 Rock 585 100 10 000 50 10 10 10 5 1 000 i .02 .01
12009 Rock 460 100 30 000 200 20 40 40 20 1 000 .02 .01
12013 Rock -- 40 400 000 100 5 10 10 6 | 800 000 .2 .1
12022 Rock 1858 200 30 000 400 30 60 40 20 800 . 005 .01
12040 Rock 319 200 1¢ 000 80 40 50 20 20 1 600 . 06 .02
12052 Rock 1866 100 30 000 200 40 60 60 30 1 000 . 06 .03
12054 Rock 687 200 20 000 70 20 3o 30 30 1 000 .04 .02
12062 Reek 727 160 10 000 60 20 30 20 30 1 000 .07 .02
12063 Rock 2420 60 10 000 70 10 20 20 10 1 000 .- .05
12064 Rock 1210 200 10 000 60 30 40 30 30 1 000 .03 .01
12065 Rock 2100 200 20 000 100 30 40 50 40 1 000 .04 .01

Apollo 12 breccias is lower than that of the Apollo 12 fines by approximately a factor of
2, which constitutes a reversal of the trend observed with the Apollo 11 material and
implies that the Apollo 12 breccias were formed from fines material of lower solar-
wind gas content. The breccias apparently were formed at some distance or depth
from the location at which they were collected.

For sample 12034 (a breccia), the total noble gas content is low enough for a
spallation component to be quite evident. Sample 12010 is an unusual breccialike rock
that was identified on the basis of the noble gas content. The rock is characterized by
a large relative abundance of the lithic phase, with the darker fine-grained material
occurring as veins. The dark phase of sample 12010 contains approximately 70 percent
of this fine-grained material, while the light phase is essentially pure lithic material.
The typical breccialike nature of sample 12010, in terms of the noble gas content, is
obvious.

The 40Ar / 36Ar ratio in the Apollo 12 fines and breccias (with the exception of
sample 12010) is lower than that for Apollo 11, although the ratio still shows larger

values for breccias than for fines. Theoretical considerations prohibit40Ar/36Ar ratios
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even as large as 0. 6 for the sun, making a solar-wind origin of the 40Ar unlikely. The

amount of 4OAr in the fines is too large to be generated by in situ decay of K; however,
for the breccias, this mode of origin may be possible. The fines material thus appears

to have acquired excess 40Ar of lunar origin. The amount of 4OAr and the 40Ar/ 36Ar

ratio in sample 12010 demonstrate this phenomenon well. Although the lithic phase re-
sembles the other crystalline rocks in Ar content, the fine-grained material shows not

only large amounts of solar-wind Ar but also large excesses of 40Ar.

The crystalline-rock samples discussed in this section are completely interior
chips and contain noble gas several orders of magnitude less than the fines material.

The exceptions are 3He, 21Ne (neon), 40Ar, and some of the lighter isotopes of Kr and

xenon (Xe), isotopes the abundances of which have been greatly increased by spallation
reactions and radioactive decay. By use of the K concentrations obtained for the rocks
by the chemical analysis group of the PET, the K-Ar ages were calculated. Several
crystalline rocks show ages between 1.7 and 2. 7 billion years, with an average age of
2. 3 billion years. Sample 12013 has a unique chemical composition, characterized in

part by much higher abundances of K and U and, consequently, of radiogenic 4He and
4OAr. The sample also contained excess radiogenic 4IOAr, rendering the K-Ar age
meaningless. However, the U- 4He and Th-4He ages are consistent with a value of ap-
proximately 2. 3 billion years, as is the case for many of these crystalline rocks. This
age is considerably less than that found for the Apollo 11 crystalline rocks, although
the range of ages for the two sites overlaps. At least this portion of the Ocean of
Storms apparently has a more recent crystallization age than the rocks from the Sea of
Tranquility, which implies that lunar maria have a formation history of at least 1 billion
years.

Cosmic-ray exposure ages (that is, integrated exposure time at the lunar surface)
were calculated for several rocks on the basis of 27 geometry and of a 3He production

rate of 1 x 1078 ccSTP/g/lO6 years. These ages show the much wider range of 1 to
200 million years, with some apparent grouping of ages, and resemble the ages found
for the Apollo 11 rocks. The breccias also show radiation ages in this range.

Spallation-produced isotopes other than 3He are consistent with the 3He ages and with
the special chemistry of the lunar material. Because of the abundances of high-alkaline
earth, Y, and Zr, spallation-produced Kr and Xe are very obvious in the rocks. The
amounts of these gases are also roughly consistent with the chemical composition.

Total Carbon Analyses

The total C content of the lunar samples was determined using O combustion fol-
lowed by gas-chromatographic detection of the CO2 produced. Samples weighing from

50 to 600 milligrams were placed with Fe chips and a copper-tin accelerator in a pre-
burned refractory crucible. The crucible was then heated to more than 1600° C in an
O atmosphere with an induction heater. The combustion products were carried by the
O through a dust filter to remove metal oxides and through a manganese oxide trap to
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remove sulfur (8) gases. Any carbon monoxide (CO) that was formed was converted to
002 in a heated catalyst tube. Moisture was removed by an anhydrone trap before the

C02 was passed into a LECO No. 589-600 Analyser. The CO2 was carried by the O

stream into a collection trap. After a fixed collection time, the trap was heated and the
released 002 was carried by He through a silica-gel column into a thermal-conductivity

measuring cell. The detection method used the difference in thermal conductivity be-
tween He and COz. The imbalance in the bridge circuit containing the thermal-

conductivity cell was integrated and read directly on a digital voltmeter.

The system was calibrated using the National Bureau of Standards Steel Stand-
ard 10le. Samples of this standard containing 5 to 50 micrograms of C were run under
the same conditions as the lunar samples. To reduce the background, the crucible was
burned in air at 1000° C for at least 1 hour. Only crucibles from a single burn batch
were used in a sequence of standards and samples. The precision of the method was
evaluated by making replicate runs on sample blanks. A typical standard deviation on
a series of 10 runs was 2 micrograms of total C. At all times, the samples were
handled as little as possible to reduce laboratory contamination. The results for the
standard samples were plotted on linear graph paper, and the C content in the lunar
samples was read directly from the standard linear curve.

The results of the total C analyses are given in table XV. The highest C abun-
dances, as for the Apollo 11 samples, usually are found in the fines. The exceptions
to this generalization are samples 12032 and 12033, which are fines from the bottoms
of trenches. The breccias have more C than the igneous rocks, which (including the
heavily shocked sample 12052) are consistently low in C. A total C abundance of ap-
proximately 40 ppm appears to be indigenous to lunar rocks. Additional C apparently
was added to the fines and subsequent breccias by meteoritic impact, the solar wind,
and possible contamination. The low abundances even in the fines material indicate
that C has not accumulated to any great degree. The total C results alone give no in-
dication of the specific chemical species present.

TABLE XV.- TOTAL CARBON DATA

Sample number Weight, g C, ug C, ppm Remarks
34200 1. 0082 7 712 Quartz sand
12003-1 . 1480 . 20 120 + 10 Fines
.160% 32.5 200 £ 10
.157T1 29 185 £ 20 Fines
.1128 22 195 = 25
12024-17 . 1395 16 115+ 20 GASC
12032-1 .1519 4 20+ 10 Fines from documented
sample bag 4-D
12032-1 . 3813 8.5 25+ 4

3Control sample.
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TABLE XV.- TOTAL CARBON DATA - Concluded

Sample number Weight, g C, ueg C, ppm Remarks
12033 0.1254 10 80+ 10 Fines from documented
sample bag 5-D
contaminated
12033-1 . 1997 4 20+ 5 Fines from documented
sampie bag 5-D
. 6014 13.5 22.5+ 2
12034-2 . 2446 16 65 + 12 Light-colored breccia
12038 . 1528 7 46 + 10 Rock; contaminated
12040-2 . 2245 10 45 + 15 Coarse crystalline rock
12042-1 . 2452 31 125+ 5 Fines from documented
sample bag 12-D
. 3409 45 132+ 5
12044-2, -1 . 3071 13.5 44 + 5 Fine-grained crystalline
rock
12051 .1207 31 260 + 20 Olivine basalt; contam-
inated
12052-4 . 4487 11 24.5+ 4 Coarse-grained, shocked
. 3326 11.5 34 + 10
.1261 8.5 65+ 15
12057 .21394 27 120+ 10 Medium-dark breccia
12059-1 .1533 35 230+ 156 Fines
.1270 31 240 + 25
.1336 16 120 + 15 Fines including rock chip
12063 . 2755 9.5 35+ 10
12065 . 4920 14 28.5+ 4
.1438 5.5 38 + 10 Pigeonite porphyry

Organic Mass-Spectrometry Analyses

A complete description of the system used for acquiring and presenting the mass
spectral data from the organic analyses of the Apollo 11 samples is given in reference 1.
The same procedures were used for the Apollo 12 mission with the following
modifications.

1. Because of the problems encountered in the Apollo 11 analyses with the steri-
lization procedures necessary for sample transfer from the various sample-handling
facilities to the mass spectrometer, a different approach was used. All samples were
placed in previously cleaned stainless steel containers that were sealed (gastight) with
aluminum caps. The containers were dry-heat sterilized at 130° C for 30 hours and
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then transferred to the gas-analysis laboratory (GAL). This method eliminated the

previous problems with the peracetic acid and ethylene oxide sterilization agents. The
sample-transfer containers were opened and samples were handled in a clean nitrogen
glove box in the GAL. All samples were put into a single Ni capsule. The same cap-
sule was used for all the analyses, thus eliminating the contamination caused by im-
properly cleaned Ni capsules. To shorten the sample run time, the Ni capsule was

cooled in Freon between runs; this procedure introduced the very slight amount of
m/e 84 and 86 that is apparent in the mass spectra of some samples.

2. New programs were added to the system to allow plotting of a specific mass
intensity as a function of the scan number. Some of these plots are included in appen-
dix B in the data associated with each sample and are labeled with the particular mass
chosen (for example, m/e 44).

3. The summarization plots presented in appendix B give the ion current as a
function of the scan number. The following masses have been deleted from the
Apollo 12 summary: m/e 14, 16 to 20, 23, 26 to 28, 32, 35 to 37, 40, and 44.

Both shallow and deep core-tube samples, coarse- and fine-grained rocks, a
breccia, and other fines material and random chips have been analyzed. The following
statements can be made with respect to all analyses. In general, the samples are very
clean (much cleaner than the Apollo 11 samples), with only one sample (sample 12059-1)
contaminated severely. The most striking feature of all of the organic analyses is the
liberation of relatively large amounts of CO and CO2 during the sample runs. The

characteristics of the evolution of these gases indicate that they are the result of a
pyrolysis process. This feature may have been true of the Apollo 11 samples also;
however, no effort was made to monitor CO and COZ during the Apollo 11 analyses.

Organic-Monitor Analyses

The analytical results of the various Apollo 12 organic monitors (OM), both from
the ALSRC and from the Ottawa sand used to monitor the LRL processing, are pre-
sented in appendix C. The data in appendix C comprise the most significant informa-
tion available on the Apollo 12 contamination history. All tools used for the Apollo 12
sample processing were cleaned at the NASA White Sands Testing Facility and are as-
sumed to have the same amount and type of contaminants as the Apollo 11 tools.

The principal organic monitors used for the S-ALSRC and the D-ALSRC were the
York-mesh samples. The results given in appendix C include only the data for the cou-
pons removed during the outbound processing. The coupon that remained in each
ALSRC for the entire flight will be analyzed. The organic-contamination potential was
reduced notably during the Apollo 12 lunar-sample processing, as evidenced by the use
of the processing cabinets and by the very low levels (less than 1 ppm) of organic ma-
terial added to the monitors by exposure to the processing cabinets.
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CONCLUSIONS

The major findings of the preliminary examination of the Apollo 12 lunar samples
are the same as the conclusions reached from the examination of the Apollo 11 sam-
ples. The major findings are as follows.

1. The fabric and mineralogy of the rocks divide them info two genetic groups:
fine- and medium-grained crystalline rocks of igneous origin (probably originally de-
posited as lava flows, then dismembered and redeposited as impact debris) and brec-
cias of complex history.

2. The modal mineralogy and bulk chemistry of the crystalline rocks show that
they are different from any terrestrial rock and from meteorites.

3. Erosion has occurred on the lunar surface because most rocks are rounded.
Some rocks have been exposed to a process that gives them a surface appearance simi-
lar to that of sandblasted rocks. There is no evidence of erosion by surface water.

4., The probable presence of the iron-troilite-ilmenite assemblage and the ab-
sence of any hydrated phase suggest that the crystalline rocks were formed under ex-
tremely low partial pressures of oxygen, water, and sulfur (in the range of those in
equilibrium with most meteorites).

5. The absence of secondary hydrated minerals suggests that there has been no
surface water at the Sea of Tranquility or the Ocean of Storms at any time since the
rocks were exposed.

6. Evidence of shock or impact metamorphism is common in the rocks and
fines.

7. All the rocks display glass-lined surface pits that may have been caused by
the impact of small particles.

8. The level of indigenous organic material capable of volatilization or pyroly-
sis (or both) appears to be extremely low (that is, no more than 10 to 200 ppb).

9. Elements that are enriched in iron meteorites {that is, nickel, cobalt, and
the platinum group) either were not observed or were very low in abundance.

10. Of the 12 radioactive species identified, two were cosmogenic radionuclides
of short half-life: namely, 22Mn (5.7 days) and “°V (16.1 days).

11. The uranium and thorium concentrations are near the typical values for
terrestrial basalts; however, the ratio of potassium to uranium determined for lunar-

surface material is much lower than those ratios determined for either terrestrial
rocks or meteorites.

12. The fines material and breccias contain large amounts of all the noble gases
that have elemental and isotopic abundances that are almost certainly indicative of
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solar-wind origin. The fact that interior samples of the breccias contain these gases
implies that the samples were formed at the lunar surface from material previously
exposed to the solar wind.

13. The high ZSAI concentration observed is consistent with the long exposure
age to cosmic rays inferred from the rare-gas analyses.

14. No evidence of biological material has been found in the samples to date.

15. The lunar soil at the landing site is predominantly fine-grained, granular,
slightly cohesive, and incompressible. The soil is similar in appearance and behavior
to the soil at the Surveyor landing sites.

The following differences were observed in the examinations of the Apollo 12 and
Apollo 11 lunar samples.

1. The Apollo 12 crystalline rocks show a wide range in both texture and mode,
whereas the Apollo 11 crystalline rocks had essentially one texture (lath- shaped ilmen-
ite and plagioclase with interstitial pyroxene) and similar modes (50 percent pyroxene,
30 percent plagioclase, 20 percent opaque minerals, and 0 to 5 percent olivine).

2. Most of the igneous rocks fit a fractional-crystallization sequence, indicating
that they represent either parts of a single intrusive sequence or samples of a number
of similar sequences.

3. Breccias are of lower abundance at the Ocean of Storms than at the Sea of
Tranquility, presumably because the regolith at the Ocean of Storms is less mature
and thinner than that at the Sea of Tranquility.

4. A complex stratification exists in the lunar regolith that is presumed to be
caused primarily by the superposition of ejecta blankets; at present, the possibility of
a layer of volcanic ash cannot be discounted (for example, sample 12033).

5. The greater carbon content of the breccias and fines compared with that of
the crystalline rocks is presumed to be caused largely by contributions of meteoritic
material and solar wind.

6. The amount of noble gas of solar-wind origin is less in the Apollo 12 fines
and breccias than in the Apollo 11 fines and breccias. The breccias contain less noble
gas of solar-wind origin than the fines, indicating that the breccias were formed from
fines that had less solar-wind noble gases than the fines presently at the surface.

7. The 4OK-‘mAr measurements on the igneous rocks show that they crystallized

1.7 to 2.7 billion years ago. The presence of nuclides produced by cosmic rays show
that the rocks have been within 1 meter of the lunar surface for 1 to 200 million years.

8. The Apollo 12 breccias and fines are similar chemically and contain only
half the titanium content of the Apollo 11 fines. The composition of the crystalline
rocks is distinct from that of the fines in that the rocks contain less nickel, potassium,
rubidium, zirconium, uranium, and thorium.
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9. The Apollo 12 samples contain less titanium, zirconium, potassium, and
rubidium and more iron, magnesium, and nickel than the Apollo 11 samples. System-
atic variations occur in the magnesium, nickel, and chromium content of the crystal-
line rocks; however, only small differences exist in the potassium and rubidium
content.

10. Sample 12013 has a distinctive composition that is similar to that of a late-
stage basaltic differentiate. The sample contains larger amounts of silicon, potassium,
rubidium, lead, zirconium, yttrium, ytterbium, uranium, thorium, and niobium than
were found in any of the other Apollo 12 samples or in any of the Apollo 11 samples.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, June 11, 1970
914-50-16-08-72
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APPENDIX A
MINERALOGICAL/PETROLOGICAL DESCRIPTIONS

The descriptions presented in this appendix were compiled during the preliminary
examination of the Apollo 12 lunar samples by members of the Preliminary Examina-
tion Team (PET) and the Lunar Field Geology Experiment Team. The name of the
team member who compiled the information is given on the first line of each description.

Selected photographs of most samples are included.
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SAMPLE 12001

SAMPLE NO. 12001.0 YEIGHT 2218 GRAMS

FINE MATERIAL FROM SELECTED SAMPLE BOX
HISTORY
THE SELECTED SAMPLE BOX WAS OPENED IN THE F201 VACUUM SYSTEM ON NOV.26.19683.
WITHIN AN HOUR AFTER GPENING THE CONTENTS OF THE LARGER OF THE TwQ TEFLON SAMPLE
BAGS WAS GPENED. THREE LARGE ROCKS WERE REMOVED. AND THE REMAINING FINE
MATERIAL WAS SCOOPED INTO A 1 CM. MESH SIEVE. LESS THAN 20 GRAMS OF CHIPS
REMAINED ON THE SIEVE. THE REST. WHICH PASSED THROUGH THE SIEVE. WAS SEALED
IN A STAINLESS STEEL CAN AND COMPRISES SAMPLE 12001,
WHILE THIS MATERIAL WAS BEING SIEVED AND CANNED. THE F201 CHAMBER PRESSURE
WAS DECREASING FROM 5.3 X 10-6 TORR T0 4.2 X 10-6 TORR,
THE CAN WAS RE-OPENED AT 0800 DEC 5 AND RE-CANNED IN FOUR SEPARATE CANS.
THE PRESSURE DURING THIS OPERATION CHANGED AS SHOWN BELOW.
0800 3.4 X 10-86
0830 3.9 X 10-5
0360 S.0 X 19-86

THE RESIDUAL GAS ANALYZER SCANS MADE AT TIMES NEAREST TO THESE TIMES
ARE LISTED BELOW.

DATE HGUR H!1 H2 Ci2 NI4 HOH (N2.€G2) 082 AR (02

11/26 2030 .09 .22 .012 .028 .33 +11 .21 °.026 .05l
11/27 0400 .15 .19 .017 .051 .31 .20 .032 .027 .019
12/5 0S00 .1t .1C .014 .072 .39 .27  .021 .026 .G04

NOTES ON FINES IN SIEVING (BY R FRYXELL) APPARENT TEXTURE SILTY
FINE SAND TO FINE SANDY LOAM, VERY WEAKLY COHERENT, RETAINS IMPRESSICN OF
SCOOP DURING PERIOD BETWEEN INDIVUDUAL DELIVERIES OF MATERIAL TO SCREEN.

VEAK VERY FRAGILE TEMPORARY AGGREGATES TO 1 MM DIAMETER AS MATERIAL IS MOVED.
1.5 CM MAX DIAMETER). COLOR EST. MED. GRAY. SLIGHT BROWNISH HUE., CLOW VALUE.
LOY CHROMA OCCASIOGNAL SAND SIZE GRAINS APPEAR PRESENT. ONE CHIP ON SIEVE
APPEARS VERY GLASSY. FINES ADHERE TO ROCKS AND RETAIN TOOL MARKS WHEN TOUCHED
WHEN CAN IS TIPPED TO 45 DEGREE ANGLE. FINES REMAIN COHERENT WITHQUT SLUMPING
(PROCEDURE FOLLOWED TAPPING CAN ON CHAMBER FLOOR). NO ACTUAL AGGREGATES OF
CLEARLY LUNAR ORIGIN OBSERYED.

ANALYSES OF FINE MATERIAL IS LISTED IN SEPARATE TABLES

ANALYSIS SAMPLE NUMBER COMMENT

X-RAY DIFF. 12070 CONTINGENCY FINES
EMISSION SPEC. 12033 DOCUHENTED FINES
EMISSION SPEC. 12060 TOGTE BAG FINES
EMISSION SPEC. 12070 CONT INGENCY FINES
TOTAL CARBON 12003 SELECTED SAMPLE FINES
TOTAL CARBON 12032 DOCUMENTED F INES
TOTAL CARBON 12033 DOCUMENTED FINES
TOTAL CARBON 12042 DOCUMENTED F INES
RARE GAS ANAL. 12060 TOTE BAG FINES
RARE GAS ANAL. 12070 CONTINGENCY FINES
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SAMPLE 12002

SAMPLE NO, 12002 MORRISON. WARNER AND ANDERSON

F20! DESCRIPTION OF THE FIRST RCL ROCK 1529.5 GRAMS, 11 X 9 X B CM.

THIS IS A SPECKLED MEDIUM BROWN GREY ROCK WITH SOME DUST ADHERING TO THE SURFACE
THE ROCK IS A FINE TO MEDIUM GRAINED HOLOCRYSTALLINE BASALT,

MOOE
PYROXENE S0 00 0.08 MM DARK GRAY
PLAGIOCLASE 30 0/0
OLIVINE 15 040 0.15 MM LIGHT GREEN
ILMENITE 3-4 0/0 0. 08 MM OPAQUE

TEXTURE - HOLOCRYSTALL INE GRANULAR

VUGS ARE PRESENT. RARE IN ABUNDANCE. SCATTERED OVER ROGCK. THE ROCK IS ROUNDED
TO SUBRGUNDED. IT HAS A PROMINENT FRACTURE. NUMERQUS 3 TO 4 MM GLASS LINED
PITS IN EXCESS OF 1 PER SQUARE CM. THIS ROCK IS A BASALT OR A FINE GRAINED
DOLERITE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

RCL ANALYSIS

NASA-S5-69-60369 NASA-5-69-60377

Figure A-1, - Sample 12002,
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SAMPLE 12003

SAMPLE NO. 12003.90 ESTIMATED WEIGHT 300 GRAMS ANDERSON

THIS SAMPLE CONSISTS OF FINE MATERIALS AND THE +1 CM PIECES OBTAINED FROM
SIEVING SN 1260', ALL FRGM THE SELECTED SAMPLE BOX OPENED IN THE YACUUM CHAMBER.
THE FINES WERE OBTAINED FROM THE BOTTOM GOF THE SAMPLE RETURN CONTAINER AS WELL
AS THE FINE MATERIAL FROM THE SMALLER OF THE TWO TEFLON SAMPLE BAGS FROM THE
SELECTED SAMPLE BOX (SEE SN 12001). THERE MAY BE SMALL PI1ECES OF ALUMINUH
¥YIRE FROM THE MESH LINING OF THE ALSRC IN THIS SAMPLE.

THE SAKPLE WAS SEALED IN A STAINLESS STEEL CAN IN THE VACUUM SYSTEM AND TRANS-
FERRED TO A STERILE NITROGEN ATMOSPHERE CABINET LINE. SAMPLES OF THE FINLS
WERE TAKEN THERE FOR ANALYSIS AND THE CHIPS ¥ERE REMOVED FOR BIO ANALYSIS. THE
CAN WAS RESEALED BEFORE THE CABINET LINE WAS OPENED 10O APPRECIABLE TERRESTRIAL
CONTAMINATION.

SEE TOTAL CARBON ANALYSIS TABLES.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

TOTAL CARBOMN ANALYSIS
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SAMPLE 12004

SAMPLE NO. 12004 F201 DESCRIPTION WARNER
WEIGHT 585 GRAMS DIMENSIONS S X 8 X 4 CM
SAMPLE BROKE [N TWO IN CAN

1. 501.8 GRAM FRAGMENTS (T0 RCL)

2. 87.4 GRAMS VACUUM STORAGE

3. 1 GRAM CANNED IN 1-0024 FOR PCTL.
THE ROCKS SHAPE IS PARTLY ROUNDED. IT HAS A FLAT BOTTOM. VERTICAL SIDES. AND A
DOME LIKE TOP. THE SURFACE IS SMOOTH WITH ABGUT 1 GLASS LINED PIT PER CM 2.
FRACTURES PARALLEL TO THE SURFACES (BOTH TOP AND BOTTOM) ARE PRESENT.
TEXTURE. THE ROCK IS GENERALLY DENSE. IRREGULAR SHAPED VUGS ARE FOUND ABOUT
THREE PER CM3.
FABRIC. THE SAMPLE 1S HOLOCRYSTALLINE WITH MORE OR LESS EQUANT CRYSTALS.
MODE.

PYROXENE. HONEY BRCUWN 60 PERCENT -3 MM

FELDSPAR. LATHS OR WHITE GRANULAR 18 PERCENT o1 X 5 MM

OLIVINE. LIGHT GREEN 15 PERCENT <7 MM

ILMENITE. OPAQUE PLATES 7 PERCENT «6 MM
NAME. OLIVINE BASALT

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

" RARE GAS ANALYSIS
X-RAY ANALYSIS

NASA-5-69-62019 NASA-S-69-62031

Figure A-2. - Sample 12004,
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SAMPLE 12005

SAMPLE NG. 12005 VWEIGHT 482 GRAMS DIMENSIONS 10 X S X 5 CM BUTLER
CHARCOAL GRAY SURFACE WITH WHITE PATCHES AND STREAKS. SURFACE WAS DUST COVERED
¥HEN PHOTOGRAPHED AND WAS BRUSHED CFF FGR OBSERVATION. ROCK IS ROUNDED ON A
GRGSS SCALE. BUT IS IRREGULAR IN A FIELD OF § TO 2 CM. GLASS LINED PITS RANGING
10 4 MM DIAMETER. MUCH OF THE SURFACE CONSISTS OF PULVERIZED OR CRUSHED MINERALS
A CIRCULAR 4 MM PATCR IS COMPOSED OF WHITE POWDER AND FINE GRAINS.
GLASS LINED PITS ON THE SURFACE. RECOGNIZABLE PITS HAVE LINING OF BLACK GL.ASS.
ARE A CIRCULAR SECTOR OF A SPHERE. ARE MOST COMMONLY 0.5 MM IN DIAMETER AND
RANGE UP TO 1| MM, DENSITY ON THE OBSERVABLE SURFACE IS GREATER THAN OR EQUAL
10 10 PER CM2. THE FULLY PRESERVED PITS ARE RAISED FROM THE SURFACE OF THE
ROCK ON A CIRCULAR MOUND OF WHITE POWDER AND SMALL GRAINS. THESE MOUNDS SEEM
QUITE DELICATE AND EASILY DESTROYED WITH HANDL ING.
VUGS HAVE AN IRREGULAR DISTRIBUTION BUT THEIR AVERAGE DENSITY [S ABOUT 1 PER
CH2. THEIR SHAPES ARE IRREGULAR BUT ARE ROUGHLY ECUIDIMENSIONAL. THE AVERAGE
SIZE 1S 1 TO 2 MM. '
HOLOCRYSTALLINE W1TH MOST GRAINS OF THE MAJOR CONSTITUENTS IN THE SI1ZE RANGE
6.2 70 0.5 MM. THERE ARE A FEY PATCHES OF COARSER OLIVINE AND PYROXENE WHOSE
GRAINS ARE ABOUT 1 MM IN DIAMETER. SOME OF THESE OCCUR ON OR NEAR THE
FRACTURE., COARSER OGLIVINE (0.5 TO 1 HM) ALSO OCCUR IN THE WALLS OF YUGS.
MODE (SURFACE EXAMINATION ONLY3

OLIVINE (PALE GREEN) 35 PERCENT AVERAGE SIZE 0.5 MM

PYROXENE (PALE TO MEDIUM BROWN) 30 PERCENT AVERAGE SIZE 0.5 MM

PLAGIGCLASE (WHITE) 30 PERCENT AVERAGE SIZE 0.5 MM

ILMENITE (BLACK OPAQUE. PLATY} 3 PERCENT
SEGREGATIONS OF MINERALS 3 TO 4 MM ACROSS
NOTE. ROCK WAS PHOTOGRAPHED BEFORE EXAMINATION. WE DECIDED THAT THIS ROCK
WOULD BE VERY SUITABLE FOR THE STUDY OF WEATHERING PROCESSES., AND AS SUCH
RECGNTAINERIZED IT AFTER OUR EXAMINATICON ¥ ITHOUT CHIPPING OR FURTHER HANDL ING.
THE SURFACE HAS BEEN BRUSHED WITR A STAINLESS STEEL BRUSH HOWEVER.
TERRESTRIAL ANALOGUE OF SPECIMEN. OLIVINE BASALT.

SAMPLE NO. 12005 F201 ADDITIONAL COMMENTS WARNER
1. VUGS CONTAIN A VARIETY OF CRYSTALS. SOME CONTAIN OLIVINE. OTHERS
ILMENITE. ONE VUG HAS CRYSTALS GROWING NORMAL TO VUG WALL.

2. MODE
OLIVINE 25 PERCENT
ILMENITE $ PERCENT
PYROXENE 40 PERCENT
FELOSPAR 30 PERCENT

3. TEXTURE HOLOCRYSTALLINE GRANULAR. THERE APPEARS TO BE A GROSS
SEGREGATION OF PHASES. THESE SEGREGATIONS ARE ABOUT i CM3 IN VOLUME. THEY ARE
A. FELDSPAR 7 OLIVINE
8. PYROXENE 7/ VERY LITTLE OLIVINE
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NASA-S-69-62297 NASA-S-69-62294

NASA-5-69-62298 NASA-8-69-62295

Figure A-3.- Sample 12005.
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SAMPLE 12006

SAMPLE NO. 120068 WEIGHT 181 GRAMS DIMENSIONS 6 X 6 X 4 CH GREENWOCD
(DESCRIPTION AFTER CHIPPING FOGR SI0POGL). VUGGY (UP TO 10 MM DIAMETER) OLIVINE
BASALT FINE GRAINED CABOUT i MM) MATRIX WITH FELDSPAR LATHS UP TO 3 MM.
PLAGIOCLASE LATHS RADIATE IN THREE DIMENSION. TEXTURE IS TRACHYTIC. THE ROCK
IS HOLOCRYSTALLINE. CRYSTALS ARE COARSER NEAR VUGS AND GROY QUT INTO THE FREE
SPACE. OGLIVINE CABOUT § MM GRAIN SIZE) IS EQUANT YELLOW GREEN ABOUT 15
PERCENT OF THE ROCK. A RED BROWN PYROXENE 1S FINER GRAINED (ABOUT 1/2 MM) THAN
OLIVINE AND ABOUT 25 PERCENT OF THE ROCK. A BLACK LUSTERQUS OPAQUE IS ABOUT

S PERCENT OF THE ROCK. PLAGIOCLASE IS ABQOUT 55 PERCENT OF THE ROCK.

THE ROCK [S FLAT BOTTOMED WITH ANGULAR EDGES. THE TOP AND SIDES ARE WELL
ROUNDED AND HAVE NUMERQUS PITS. THE BOGTTOM SHOWS FEWER OBVIOUS P1TS. THE
BOTTOM IS DARK GRAY COATED. THE ERODED TOP IS MEDIUM DARK GRAY WITH WHITE
AREAS NEAR PITS. THE FRESH BROKEN SURFACE [S AN EVEN MEDIUM GRAY. NO LINEA-
TION OR LAYERING WAS OBSERVED. VUGS ARE IRREGULAR SHAPED . CRYSTAL BOUNDED.
AND ARRANGED ALONG PLANES IN THE ROCK. THE ROCK IS NOT FRIABLE OR FRAGILE AND
SHOWS NO OBVIOUS SHOCK HISTGRY. AFTER CHIPPING THE ROCK HAS A SMALL AREA OF
NEW SURFACE.

SAMPLE NO. 12006 PIT COUNTS HE IKEN

SIDE 1 - SUBRCUNDED - SOME DUST ADHERING TO THE SURFACE. ARE SEVERAL
INTERESTING PIT LININGS WHICH ARE RAISED ABOVE THE SURFACE AND HAVE A DULL
WEATHERED APPEARANCE.
" AREA-CIRCLE. 1 CM DIAMETER.

NUMBER NUMBER OF PITS
i 7 0.1 7O 1 MM DIAMETER
2 16 EXCELLENT HALVES
3 S
4 0
S 2

MUCH OF THE GLASS LININGS ARE RAISED OR ERCDED AWAY, LEAVING ONLY A WHITE HALO
AS EVIDENCE OF IMPACT.

SIDE 2 - ONE HALF IS FRESH FRACTURE. WITH NO PITS AND ONE HALF IS OLD-
WITH PITS (BELOW). PIT LININGS ARE RAISED ABOVE ROCK SURFACE AND VERY DULL.
SGME PROCESS OF EROSION AT WORK. ¥ITH GLASSY LINGINS MORE RESISTANT THAN THE
ROCK.

NUMBER NUMBER OF PITS

H 8

2 7

3 9
SIDE 3 - YUGGY. SUBRGOUNDED.
NUMBER NUMBER OF PITS

1 2

2 7

3 S

4 8

S 10
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NASA-S-69-62333 NASA-S-69-62339

Figure A-4. - Sample 12006.
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SAMPLE 12007

SAMPLE NO. 12007 DIMENSIONS 5.5 X 3.2 X 4.0 CM WEIGHT 85.2 GRAMS HEIKEN
TABULAR. ANGULAR REDDISH BROWN ROCK. LONG AXIS IS PARALLEL TO PLANAR FRACTURE
RUNNING THE LENGTH OF THE ROCK.

MEDIUM GRAINED. HOLOCRYSTALLINE RQCK. PORPHYRITIC, WITH 3.0 TO 3.5 CM LGNG
PYROXENE CRYSTALS IN A GROUNDMASS OF 1 TO 2 MM CRYSTALS. PYROXENE AND FELDSPAR
CRYSTALS FOQRM IN VARIOLITIC CLUMPS IN SEVERAL PLACES.

IRREGULAR AND PLANAR FRACTURES ARE SUBPARALLEL OR PARALLEL TO THE LONG AXIS

OF THE ROCK. NO CHANGE IN MINERALOGY NEAR THE FRACTURES. A FLAT SIDE (PROBABLY
A FRACTURE SURFACE) IS COATED WITH DUST WHICH ADHERES TIGHTLY TQ THE SURFACE.
ARE SOME VUGS (DIAMETER GREATER THAN 0.2 MM) BETWEEN FELDSPAR CRYSTALS.

NC SURFACE PITS OR SPLASHKES.

MINERALOGY.

COLORLESS TG CREAMY WHITE FELDSPAR. SUBHEDRAL LATH SHAPED CRYSTALS. | MM
TO 2 CH LONG. EXHIBITS GOOD ALBITE TWINNING. 40 PERCENT.

REDDISH BROWN TO DARK BROWN PYROXENE. ELONGATE. SUBHEDRAL CRYSTALS.

0.5 MM TO 3 CM LONG. THE PHENOCRYSTS HAVE CORES OF OLIVINE. SMALLER PYROXENE
CRYSTALS (MUCH LIGHTER IN SHADE) HAVE NO SUCH CORES. 45 PERCENY.

OLIVINE - PALE GREEN. ANHEDRAL. EQUANT CRYSTALS. INDIVIBUAL CRYSTALS RANGE
FROM 0.5 TO 2 MM IN DIAMETER. THE OLIVINE CORES IN THE PYROXENE PHENOCRYSTS
ARE UP TO i MM SIDE. S PERCENT

ILMENITE - BLADES OF THIS MINERAL UP TO 2 MM WIDE. METALLIC LUSTER-BLACK
10 PERCENT,

TERRESTRIAL ANALOGUE. CLIVINE DIABASE.

NASA-S-69-61804 NASA-S-69-61806

Figure A-5.- Sample 12007.
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SAMPLE 12008

SAMPLE NO 12008 WEIGHT S8 GRAMS DIMENSIONS 2 X 3.5 X5 CH GREENWOOD

SMALL BRIQUET SHAPED ROCK WITH FLAT TG SLIGHTLY CURVED BOTTOM AND ERCDED
ROUNDED SUBPYRAMIDAL TOP. GIVING THE RGCK A LENS SHAPE. THZ ERODED SURFACE IS
DARK GRAY TO BLACK AND SHOWS BR[GHT ADAMANTINE CLEAVAGE PLANES. THE BOTTOM AND
TOP SURFACES ARE POCKED AND PITTED., AT LEAST ONE GLASS LINED PIT (2 MM) IS
PRESENT. NO VESICLES OR VUGS WERE SEEN. THE ROCK IS COMPOSED PREDOMINANTLY

OF A BLACK MEDIUM GRAINED MINERAL 82 PERCENT. WITH ABOUT 7 PERCENT

MAJOR PHASE MAY BE ILMENITE,

EQUANT PLAGIGCLASE AND ABOUT 3 PERCENT GLIVINE (TERMINATED CRYSTALS),

NG LINEATION OR LAYERING WAS OBSERVED. THE ROCK IS NOT FRIABLE OR FRAGILE.

SAMPLE NO. 12008 HE IKEN

SIDE 1 - SUBANGULAR - MOST PITS ARE ABOUT 0.1 TO 9.4 MM IN DIAMETER.
LINED WITH BROKEN GLASS - BOTH SMGOTH AND BUBBLY GLASS.

LOCATICN NUMBER GF PITS

H 1

2 6

3 3

4 4

S 2

SIDE 2 - SUBANGULAR - GNE SMALL 0.S CM SPLASH-VERY THIN.

LOCATION NUMBER OF PITS

I 0

2 4

3 2

4 2

NASA-S-70-44089 NASA-S-70-44092
Figure A-6. - Sample 12008.
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SAMPLE 12009

SAMPLE NO. 12009 WEIGHT 468 GRAMS DIMENSIONS 10 X 7 X 5 CH BUTLER/WARNER
AFTER BRUSHING ABOUT RALF OF THE SURFACE AREA STILL HAS A LAYER OF MEDIUM BROWN
QUST. THIS DUST TENDS T0 BE IN DEPRESSIONS. BUT NOT EXCLUSIVELY. THEREFORE THE
DUST 1S PROBABLY QUITE ADHERENT. THE ROCK BENEATH THE DUST IS DARK GRAY. THE
SURFACE CRAGGY AND UNEVEN, APPARENTLY BECAUSE PARTS HAVE FLAKED AND SPALLED OFF.
PARALLEL AND SUBPARALLEL FRACTURES FORM A STRONGLY DEVELOPED SET IN PLANES ABQUT
30 DEGREES TO THE HORIZONTAL SPECIMEN SUPPORT. THE FRACTURE PLANES ARE SPACED
172 T0 1 CM APART,
A FEW SMALL AREAS OF WHITE POWOERED MATERIAL ARE DISTRIBUTED ON THE SURFACE.
UPPER SURFACE 1S AT LEAST 70 PERCENT COVERED WITH BLACK GLASS. ALTHOUGH
THESE ARE SCATTERED ONTO 1 MM PATCHES OF CLEAR BLACK GLASS. MOST OF THE GLASS
1S MIXED WITH FINE GRAINED BROWN C(TURBID) GRANULAR MATERIAL (CALLED DUST ABOVE).
THE GRANULES OF BROWN MATERIAL ARE SPHEROIDAL AND RANGE IN SI1ZE UP TO . 05 MM
THEY "RE PROBABLY AGGREGATES OF FINE MATERIAL TO JUDGE FROM THEIR ROUGH SURFACES.
THREE OF THE S0 CALLED EGGSHAPED CAVITIES ARE PROMINENT ON THIS ROCK. THESE
CAVITIES HAVE SMOOTH WALLS ON A MEGASCOPIC SCALE. THEIR SHAPES ARE THAT OF A
SEGMENT OF A TRIAXIAL ELLIPSOIO WITH ROUGHLY THE SAME PROPORTIONS AS AN EGG.
THE DIMENSIONS OF THE INTERMEDIATE SIZED CAVITY IS 1.5 X 3 CHM RIM TO RIM. MAJCR
SEMI AX1S 1S ABOUT 1.5 CM. INTERMEDIATE AND MINOR SEMI AXES ARE ABOUTY 1 CM.
THE LARGEST CAVITY 1S MARKEODLY ELONGATED COMPARED WITH AN EGG. FROM RIM TO RIM
IT IS S X 3 CM. THE MAJOR SEMI AXIS 1S ABOUT 7 CM. THE SMALLEST CAVITY
(WHICH IS TKE ONLY ONE PROBABLY CLEARLY VISIBLE ON THE SIDE PHOTOGRAPHS TAKEN)
IS ABOUT 2 X 2 CM RIM TO RIM,
THERE ARE A FEW VUGS IN THE ROCK. TW0 ARE SPHEROIDAL AND ABOUT 1 MM DIAMETER.
NO LARGE CRYSTALS ARE ASSOCIATED WITH THEM. IRREGULARLY SHAPED CAVITIES ARE
ASSOCIATED WITH SOME OF THE OLIVINE PHENOCRYSTS.
sPORPHYRITIC 0.5 TO 2 MM PHENOCRYSTS OF OLIVINE ARE THE ONLY PROMINENT MINERAL
GRAINS. THESE PHENOCRYSTS FORM ABOUT 20 PERCENT OF THE ROCK. THE MATRIX IS
DARK GRAY.
#FELDSPAR LATHS ARE RANDOMLY ORIENTED.
sOLIVINE 0.5 TO 2 MM. EQUANT AND STUBBY COLUMNAR.
#PLAGIGCLASE IS EVIDENCED ONLY 8Y THE REFLECTION OF LIGHT FROM CLEAVAGES.
SHAPE. COLLECTION OF CHIPS FROM F201. SIZE. 1 X1.5X 2, 1 X1 X1,
IT 1S LATH SHAPED AND 1 MM X .02 MM, SMALLER LATHS ARE ALSO DISCERNABLE IN
MATRIX. PLAGIOCLASE [S SO THIN THAT IT SHOWS CNLY THE DARK GRAY CCLOR OF THE
MATRIX MATERIAL.
*OBSERVATIONS ON FRESHLY CHIPPED SURFACE # MODES. OLIVINE 20 PERCENT
PLAGIOCLASE S PERCENT
APHANITIC MATRIX 75 PERCENT
TEXTURE. YUGGY. VESICULAR. PORPHYRITIC., FINE GRAINED. OLIVINE GRAINS IN A
PERPHYRITIC BASALT WITH OLIVINE AND PLAGIOCLASE PHENOCRYSTS. THE WALL OF
LARGEST EGG SHAPED CAVITY IS FORMED OF A MATTE OF PLAGIOCLASE LATHS. SI1ZE OF
THE LATH AVERAGES 0.5 MM X 0.1 MM. THE LONG AXES OF THE LATH ARE PARALLEL TO
THE CAVITY SURFACE. BUT THEY ARE OTHERY ISE RANDOMLY ORIENTED. ABCUT HALF THE
CAVITY SURFACE HAS ADHERING SPHERGIDAL BROWN CLUMPS AS DESCRIBED ABOVE. THE
SMALLER OF THE BOTTOM EGG SHAPED CAVITIES IS ALSO WALLED BY PLAGIQCLASE LATHS,
WHICH ARE IN POORLY DEVELOPED RADIATING AGGREGATES.

SAMPLE NO, 12008.1 WONES

SHAPE. COLLECTION OF CHIPS FROM F201. SIZE. 1 X1.5X 2. 1X1X1I,

1 X 0.5% 0.3, 0.3 X 0.5X 0.1 CH. SMALLER PIECES TO GO GAL. OES.

COLOR. NEUTRAL N6 70 N7.

TEXTURE. VUGGY. VESICULAR. PORPHYRITIC. FINE GRAINED. OLIVINE GRAINS IN A
RANDOM AND IRREGULAR HATRIX OF PYROXENE. PLAGIOCLASE AND PROBABLY OPAQUES.
OLIVINE PHENOCRYST 0.5 MM PYROXENE AND PLAGIOCLASE ACICULAR. LARGEST GRAINS
0.1 X 0.5 VESICLES ABOUT 1 PERCENT VOLUME.

FABRIC. APPARENT PARTING TO SPECIMEN. VESICLES AND VUGS TEND TO BE SUB
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PARALLEL TO IT. VESICLES AND VUGS HAVE [RREGULAR SHAPES.
FRACTURES. MANY PARTING SUBPARALLEL. ORTHOGONAL FRACTURE., SUBPARALLEL TO
FACES,
SURFACE FEATURES. ONLY ONE ORIGINAL SURFACE PRESERVED., OTHERS ARE ALL FRESH.
THE ONE ORIGINAL SURFACE 1S A UNIGUE FEATURE AND IS BEING PACKAGED SEPARATELY
IT IS A PERFECTLY FLAT SURFACE. PARALLEL TO THE PARTING IN THE MATERIAL., IT
HAS THE APPEARANCE GF BEING ETCHED AND IS A LOG JAM OF PYROXENES WITH EUHEDRAL
FORMS. THERE ARE SEVERAL POSSIBILITIES. MOST LIKELY IS THAT A PARTING SURFACE
ACTED AS A VUG, HOYEVER IT IS POSSIBLE THAT GAS ETCHING TOOK PLACE. THIS
IS UNLIKELY AS PYROXENES ARE LARGER THAN. THOSE IN GROUNDMASS. (0.1 X 0.5 MM).
THERE ARE NO GLASS SPLASHES (R PITTING ON THIS SURFACE.
MINERALOGY.

OLIVINE. OCCURS AS EUKEDRAL GREEN YELLOW VITREQUS CRYSTALS 0.5 MM DIAMETER.

PYROXENE. OCCURS AS ACICULAR CRYSTALS 0.1 MM X 0.5 MM MAXIMUM SIZE.
SIZE RANGES DOWN TG LESS THAN 10 MICRONS. LARGE CRYSTALS ON PECULIAR TEXTURE
(SEE ABOVE).

PLAGIOCLASE. OCCURS IN GROUNDMASS. SUBORDINATE TG PYROXENE.,

OPAQUES. PRESENT AS 0,05 MM INCLUSIONS IN OLIVINE. NOT RESGLVED IN
GROUNDMASS.

MODE. OLIVINE 10 PERCENT
GROUNDMASS 30 PERCENT

NO INCREASE OF MINERALS NEAR VESICLES OR VUGS,
VESICULAR OLIVINE BASALT.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

€-SPEC ANALYSIS
RARE GAS ANALYSIS
X~RAY ANALYSIS

NASA-S-69-62301 NASA-S-69-62307
Figure A-T7. - Sample 12009.
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SAMPLE 12010

SAMPLE NO. 12010.1 DECEMBER 11. 19683 WONES
SHAFE. SUBSPHERICAL LUMP. DIAMETER 1 CH.
COLOR. NEUTRAL N7 TO N8. LIGHT GRAY.
TEXTURE. FINE GRAINED. SUBGPHITIC. BADLY SHOCKED. ALL GRAINS BADLY
FRACTURED FELDSPAR IS ALL WrlTE. TURBIO. IMPOSSIBLE TO D1STINGUISH VUGS, BUT
i MM PHENOCRYSTS OF OLIVINE C(NOW BADLY SHATTERED) ARE PRESENT. MAXIMUM SIZE
OF PLAGIGCLASE AND PYROXENE 1S 0.5 MM,
FABRIC. NOT POSSIBLE 10 DETECT LINEATIONS ETC. BECAUSE OF SHATTERING.
FRACTURES. THROUGH GOING. ENTIRE SAMPLE IS FRACTURED. EXTREMELY FRIABLE.
NGO PREFERRED ORIENTATION.
SURFACE FEATURES. 50 PERCENT OF THIS LUMP 1S COVERED WITH PITS APPROXIMATELY
& PER CM2. THERE ARE GLAZES PRESENT AND FRAGMENTS OF OTHER ROCK TYPES
ADHERING TO GLAZE. PITS ARE GLASS LINED. SOME HAVE HALOES. LARGEST PIT 1S
6.5 MM IN DIAMETER.
MINERALOGY.
MODE.

PYRGXENE 60 PERCENT

PLAGIOCLASE 30 PERCENT

OLIVINE 5 PERCENT

OPAGUES 5 PERCENT
PYRGXENE. GROUNDMASS. HARD TO TELL MUCH ABOUT PRESHOCK MORPHOLOGY.

PLAGIOCLASE. WHITE TURBID LATHS IN A SUBOPHITIC TEXTURE. 6.1 %X 0.5 MM.
GLIVINE. SHATTERED OGVOIDAL GRAINS | MM LONG.
OPAQUES. BLADED CRYSTALS INTERGRCWN W1TH PYROXENE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON TRIS SAMPLE
A-A CHEMICAL ANALYSIS

E-SPEC ANALYSIS
RARE GAS ANALYSIS

NASA-S-70-43804 NASA-S-70-43800

Figure A-8.- Sample 12010.
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SAMPLE 12011

SAMPLE NO. 12011 WEIGHT 193 G DIMENSIONS S X 5 X 4 CM WARNER/GIBSON
GENERAL SHAPE 1S A ROUNDISH BLOB. COLOR IS BROWNISH. CHARCOAL GREY.
SURFACE IS SMOOTH WITH GLASS LINED PITS. NO FRESH BROKEN SURFACES. VERY
FEW CABOUT S ON TOP OF ROCK). SMOGTH LINED VUGS. NO FRACTURES. GLASS LINED
PITS (2 TO 3 MM ACROSS) OCCUR ABGUT t TO 2 PER CM2. FINE DUST ADHERING TO
SURFACE AFTER GCO BRUSHING LIKE SAMPLE 120029. LOTS OF GLASS ON SURFACE. MOSTLY
UNDER THE DUST.
VESICLES. 3 MM ACROSS. ABOUT | PER CM2 OF INTERIOR SURFACE. SMOOTH WALLED
AS CONTRASTED WITH ROCKS SUCH AS 12020.
COLOR OF INTERIOR., MECIUM TO LIGHT CHARCOAL GREY. VERY LITTLE BROWN.
MGDE.
OLIVINE . LIGHT GREEN 20 PERCENT «3 MM
PYROXENE. PALE HONEY BROWN 45 PERCENT «.1 X 2 MM
ILMENITE . BLACK OPAQUE 20 PERCENT .3 MM
FELDSPAR. COLORLESS 15 PERCENT .1 MM
TEXTURE HOLOCRYSTALLINE. THE PYROXENE AND TO SOME EXTENT THE FELOSPAR
OCCURS IN LATHS, THE LATHS FORM RADIATING STARS. LOOKS LIKE CHICKEN TRACKS,
VESICLES ARE GLASS LINED. GLASS IS CLEAR SO YOU CAN SEE THE CRYSTALS UNDER
THE GLASS. VESICLES ARE SPHERICAL. ROCK NAME. PYROXENITE.
ADDITIGNAL F201 COMMENTS BY GIBSON
BROKEN FACE APPEARANCE. LIGHT TO MEDIUM CHARCOAL COLOR. FINE GRAINED TYPE A
ROCK. HOLOCRYSTALLINE ROCK. VESICLES. LINED WITH BLACK GLASS. RAYS OF
HONEY BROWN PYROXENE CRYSTALS 0.2 X 1.2 MM IN VESICLE.
MOOE. ]
GLIVINE, PALE BOTTLE GREEN 10 PERCENT 0.2 TO 0.4 MM
PYRGXENE. HONEY BROWN 30 PERCENT <2 TO t.4 MM
PLAGIOCLASE/FELDSPAR. CLEAR T0O TURBID WHITE 40 TO S0 PERCENT
ILMENITE, BLACK 1% TO 20 PERCENT.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYS!S

NASA-8-69-63392 NASA-S-69-63373

Figure A-9. - Sample 12011.
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SAMPLE 12012

SAMPLE NO. 120612.0 VWEIGHT 176.2 G DIMENSIONS 6 X 6 X 4 CM ANDERSON/GIBSON
MEDIUM GRAY BLOCKY ANGULAR ROCK WITH NUMERGUS VUGS IN WHICH ARE VISIBLE MANY
ELONGATED CRYSTALS. NO GBVIOUS IMPACT PITS CAN BE SEEN WITH UNAIDED EYE.
ROCK [S COARSE GRAINED WITH ABUNDANT OLIVINE VISIBLE ON SURFACE.

TYPE AB ROCK.

MINERALOGY MORE OBVIOUS THAN USUAL.

MODRE.

MINERAL COLOR GRAIN SIZE ABUNDANCE
OLIVINE PALE BOTTLE GREEN 0.5 MM 25 PERCENT
PLAGIOCLASE/FELDSPAR 0.5 MM 20 PERCENT
ILMENITE BLACK 0.5 MM 1 PERCENT
PYRGXENE HONEY BROUN 0.5 YO S HM 55 PERCENT

FELDSPAR IS NOT AS 0OBVIOUS AS OLIVNE AND PYROXENE.

VUGS OF ALL SIZES S MM TO SUBHICROSCGPIC GIVING ROCK VERY POROUS APPEARANCE.
UNDER MICRGSCOPE COLOR APPEARS GREENISH BROWN, THE DUST COVERED PORTION OF
ROCK APPEARS LIGHTER IN COLOR. PERHAPS TOP. TOP IS SMOOTHER THAN OTHER
ANGULAR PORTIONS OF PARENT ROCK.

THIS ROCK WAS CHIPPED ( CHIP FROM BLOCKY BOTTOM) AND MOTHER ROCK AND CHIPS
PHOTOGRAPHZD. FINAL WEIGHT OF MOTHER ROCK 1S 169.8 GRAMS.

TEXTURE, HOLGIRYSTALLINE. ’

NG LINEATIGNS 0BVIOUS. MANY IRREGULAR FRACTURES. NO PARTICULAR ORIENTATION.
NOTE. THE PYROXENE AND OLIVINE CRYSTALS ARE VERY PRONOUNCED AND THE GENERAL
STRUCTURE IS OPEN WHICH WOULD MAKE THE CRYSTALS VERY EASY 70 PICK QUT.
TERRESTRIAL ANALOGUE. OLIVINE PYROXENITE.

SAMPLE NO. 12012.5 AND 12012:6 THIN SECTION

MODE 12012.5 12012.6
PLAGIOCLASE i3 1S 0/0
PYROXENRE 50 SS 6/0
GLIVINE 30 20 6/C
GPAQUE S 10 0/0

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
X-RAY ANALYSIS
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NASA-5-69-63337

NASA-S-69-63338 NASA-S-69-63341

Figure A-10. - Sample 12012.
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SAMPLE 12013

SAMPLE NO. 12013.0 F201 DESCRIPTION ANDERSON
WEIGHT 82 GRAMS DIMENSIONS 4 X 3 X 2 CHM. :
LIGHT GRAY ANGULAR RGCK. LARGELY COMPOSED OF TURBID WHITE CRYSTALS WHICH
ARE PROBABLY FELDSPAR. THESE ARE NEARLY EQUIDIMENSIONAL WITH NO APPARENT
LINEATIONS OR OTHER PREFERRED FABRIC. THE ROCK [S RATHER VUGGY. BUT NO IMPACT
PITS CAN BE SEEN. SOME OARKER MINERALS ARE PRESENT IN SEGREGATED PATCHES.
MODE.

PLAGIOCLASE 80 PERCENT

PYROXENE 10 PERCENT TC 1S PERCENT

ILMENITE S PERCENT

OLIVINE PGSSIBLE TRACE
A 2 MM PHENOCRYST WHICH IS PROBABLY FELOSPAR 1S PRESENT AND SEVERAL HIGHLY
REFLECTIVE OPAQUE CRYSTALS WHICH MAY PROVE TO BE ILMENITE.
TERRESTRIAL ANALOGUE. ANORTHOSITE,

SAMPLE NO. 12013.4 OVAL THIN SECTICN DIMENSIONS 11 X & MM WARNER
THE SECTION DISPLAYS THREE DISTINCT LITHOLOGIES.
LITHOLOGY 1. - VARIOLITIC TEXTURE

MODE
PLAGIOCLASE 70 PERCENT 0.1 X 1.5 MM (AN-JM)
GLASS 10 PERCENT 0.4 MM
INTERSTISTIAL PHASE 10 PERCENT 8.1 MM (QUARTZ GR K-FELDSPAR)
PYROXENE S PERCENT 0.3 MH
OPAGQUE 5 PERCENT 0.1 MM

THE FELDSPAR LATHS EXHIBIT THE EXCELLENT RADIATING (VARIGLITIC) TEXTURE. THE
LOY AN VALUE OF THE FELOSPAR WAS DETERMINED BY ALBITE EXTINCTIGN ANGLES.
IN PLANE LIGHT THIS LITHOLOGY.LOOKS WHITE WITH A FEV BLACK SPOTS.
ROCK NAME - DACITE .

LITHOLGGY 2. - ANHEDRAL-HOLOCRYSTALLINE TEXTURE WITH SUBANGULAR BLOCKS
OF LITHOLOGY !.

MODE
PYROXENE 25 PERCENT 0.2 MM
PLAGIOCLASE 35 PERCENT 0.2 MM
SANIDINE AND/OR GUARTZ 25 PERCENT 0.2 MM
GPAQUE 1S PERCENT 0.01 MM

THE CONTACT BETWEEN THE BLOCKS OF LITHOLOGY 1. AND THE MATRIX ARE SHARP.
IN PLANE LIGHT THIS LITHOLOGY LOOKS GREY - CONSISTING OF

1. LIGHT SPQOTS OF LITHOLOGY 1.

2. LIGHT MATRIX WITH LOTS OF SMALL BLACK SPOTS (SALT AND PEPPER).

ROCK NAME - BASALT.

LITHOLOGY 3. - ANHEDRAL -HOLOCRYSTALLINE TEXTURE ¥WITH INCLUSIONS OF ANGULAR
T0 ROUMDED CRYSTALS.
MODE OF MATRIX

PYROXENE S5 PERCENT 0.2 MM
PLAGIOCLASE 25 PERCENT 0.2 MM
OPAQUE 20 PERCENT 0.05 MM

THE BLOCKS OF CRYSTALS ARE IN SHARP CONTACT WITH THE MATRIX. THERE IS SOME
INDICATION OF SOME ABSORPTION OF THE BLOCKS. THE BLOCKS ARE 1 TO 2 MM ACROSS.
THEY CONSIST OF -

PLAGIOCLASE (AN-85 BY ALBITE EXTINCTION)

CPAGQUES

PYROXENE CCONTAINS LOTS OF INCLUSIONS)

GLASS '
IN PLANE LIGHT THIS LITHOLOGY LOOKS VERY DARK GREY WITH LARGE WHITE SPOTS OF
THE PLAGIGCLASE BLOCKS.
ROCK NAME - ANOESITE BRECCIA
RELATION AMONG THE LITHOLOGIES.
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LITHOLOGY 1. FORMS A S X S MM CORE OF THE THIN SECTION.

LITHOLOGY 2. ALWAYS OCCURS BETWEEN LITHOLOGIES 1. AND 3. BLOCKS OF
LITHOLOGY 1. ARE FOUND IN LITHOLOGY 2.

LITHOLOGY 3. INTRUDES LITHOLOGY 2.
SAMPLE TERRESTRIAL ANALOGUE - IGNEQUS OR VOLCANIC BRECCIA.

THE FOLLOWING EXPERIMENT’Ihﬁ CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

RARE GAS ANALYSIS
X-RAY ANALYSIS

NASA-8-70-43633 NASA-S-T70-43635

Figure A-11.- Sample 12013.
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SAMPLE 12014

SAMPLE NO. 12014.0 F201 DESCRIPTION PRESPLIT GIBSON
YEIGHT 159 GRAMS SIZE. 2 X 2 X 1 172 INCHES
ROCK TYPE. PORPHYRITIC OLIVINE MICROGABERO.
CCHIPPED BFF APPROXIMATELY 8 GRAMS FOR PCTL).
THE ROCK IS RECTANGULAR AND ANGULAR. EDGES AND CORNERS ARE SUBROUNDED.
TEXTURE 1S HOLGCRYSTALLINE INEGUIGRANULAR. GRAIN SIZES AVERAGES 0.7 MM WITH
EUHEDRAL PYROXENE LATHS UP TO 1 CM IN VUGS, ESSENTIAL MINERALS ARE OLIVINE.
PYRCXENE (POSSIBLY 2 TYPES). AND FELDSPAR. ESTIMATED MOOE I1s.

GLIVINE 15 TO 20 PERCENT

PYROXENE 25 7O 35 PERCENT

FELDSPAR 40 TO S50 PERCENT,
GPAQUES ARE MINOR (S5 PERCENTI. ACCESSORY MINERALS OCCUR BUT ARE NOT IDENTIFIED.
THE ROCK 1S FRACTURED BUT NCT SEVERELY. VUGS (MIAROLITIC CAVITIES) FORM
S PERCENT GOF OLIVINE. THESE ARE LINED AND FILLED WITH COARSE CRYSTALS.
INCLUDING PYROXENE LATHS 1 CM IN LONG AXIS AND | MM IN CROSS SECTION.
SOME OLIVINE FORMS PHENOCRYSTS FROM | TQ 1.5 MM. FELDSPAR IS INTERSTITIAL AND
ANHEDRAL. FELDSPAR APPEARS MILKY AND MAY BE SHATTERED.
NO GLASS SPLASHES WERE SEEN. ONLY ONE GLASS LINED PIT WAS SEEN.

SAMPLE NO, 12014.5 THIN SECTION
MODE
PLAGIOCLASE 20 PERCENT
PYROXENE S5 PERCENT
OLIVINE 21 PERCENT
OPAQUE 3 PERCENT
CRISTOBALITE 1 PERCENT

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
X-RAY ANALYSIS

84



NASA-5-69-63351 NASA-S-69-63382

NASA-S5-69-63352 NASA-S-69-63356
Figure A-12. - Sample 12014.
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SAMPLE 12015

SAMPLE NO. 12015.0C HANDLE SPECIMEN WITH CARE HARMON/GIBSON

WEIGHT. 1381 GRAMS 4 CM X 4CHX2CH,

POSSIBLE SPECIMEN FROM MOUND.

ANGULAR. HIGHLY FRACTURED SPECIMEN. CONCAVELY LENS SHAPED (SPALLED BLACK).

AN EOGE CONTAINS A SPHERICAL CAVITY THAT 1S APPROXIMATELY ONE INCH IN OIAMETER.
THE WALLS GF CAVITY ARE VERY SMOOTH. APPEARANCE OF A FORMER OBJECT REMGBYED. NO
LARGE C(GREATER THAN 0.SMMJ CRYSTALS SEEN ON WALLS OF CAVITY AS IN OTHCR PREVIOUS
ROCKS. ULTRA FINE GRAINED GROUNDMASS WITH LARGER GLIVINE AND PYROXENE CRYSTALS
GROUNDMASS APPEARS TO BE A COMPACTED SOIL. THERE ARE SMALL CAVITIES IN
GOUNDMASS.

COLOR. SOIL GRAY OR CHARCOAL BROWN. SPECIMEN 1S KIGHLY FRACTURED. VERY
FRAGILE APPEARANCE. GROUNDMASS CONTAINS A LARGE PERCENTAGE OF FINE GRAINED FELD
SPAR WITH PYROXENE AND OLIVINE PHENOCRYSTS. THE CAVITY IS LINED WITH CRYSTALS
ORIENTED TANGENTIAL TO THE CAVITY.

SHOCKED BASALT SCORIA. TEXTURE OF CRYSTAL TUFF. NO LITHIC FRAGMENTS.

SAMPLE NO. 12015 ROBIN BRETT
S1ZE. SEE PHOTOGRAPH. HAS SINCE BROKEN INTO 3 FRAGMENTS OF ABOUT EQUAL SIZE.
SAMPLE FRACTURED ON BOTH MACRG AND MICRGSCALE SUGGESTIVE OF SHOCK.
SURFACE ROUNDING. ONE SOMEWHAT RCUNDED SIDE HAS EXTREMELY LOV¥ DISTRIBUTION
GLASS LINED PITS PER UNIT AREA. REST OF ROCK SHOWS NONE. LACK OF RQUNDING
AND PITS SUGGESTS LOW EXPQSURE AGE.
MOST REMARKABLE SURFACE FEATURE IS PORTION OF AN EXTREMELY LARGE VESICLE.
OVOID. ABGUT 4 X 2.5 CM. SURFACE OF VESICLES EXTREMELY SMOOTH. FINE GRAINED
MASS OF DARK IRRESOLVADLE MINERALS., CONTAINING A MAT OF FELDSPAR LATHS WHOSE
AB OR AC PLACE IS PARALLEL TO SURFACE OF VESICLE.
REMAINDER OF ROCK IS QUITE RICH IN SMALL IRREGULAR VUGS FROM 0.2 7O 2 MM,
GRAIN SIZE OF RGCK INCREASES TO ABOUT 0.3 MM IN VICINITY QF VUGS.
MINERALS TOO FINE GRAINED FOR IDENTIFICATION UNDER BINOCULAR EXCEPT FOR
WIDESPREAD SGMEWHAT FRACTURED OLIVINE PHENOCRYSTS TO 0.5 MM. A MEAN GRAIN
S1ZE OF ROGCK ABGUT 0.1 MM. OGRAIN MOUNT INDICATES THAT ROCK IS ABOUT 70 PERCENT
THETOMORPHIC (IMPACT PRGDUCED) GLASS, CRYSTALLINE MATERIAL CHARACTERISTICALLY
SHOWS LOWER THAN NORMAL BIREFRINGENCE.
MINERALS. PLAGIOCLASE

PYROXENE C(VERY LIGHT BUFF COLOR)

OLIVINE

OPAQUES C(ABOUT 10 PERCENT).
NO FURTHER DETAILS ON MINERALOGY DUE TO EXTREME SHOCK. NOR ON MCOE. OLIVINE
LEAST SHOCKED OF ALL MINERALS.
DUST WHICH TENACIOUSLY COATS SAMPLE WAS EXAMINED. THIS CONTAINS ABOUT 70 0/0
THETHMORPHIC GLASS AND ABOUT 10 PERCENT GLASS SPHERULES. CRYSTALLINE MINERALS
SIMILAR TG ROCK IN MODE AND DEGREE OF SHOCK,
SIMILARITY OF DUST TG ROCK. DIFFERENCE OF DUST TO BULK APOLLO 12 DUST. AND
EXTREME SHOCK OF ROCK COMPARED TO ANY OF APOLLO 11 OR 12 SUGGESTS THAT ROCK MAY
NOT BE FROM A LOCAL SOURCE. SPECULATION MUST STILL BE ADMITTED THAT ROCK 12015
MAY BE FROM THE MOUND.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E~SPEC ANALYSIS
X~-RAY ANALYSIS
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NASA-S-69-63350

NASA-S-69-62873

Figure A-13. - Sample 12015.
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SAMPLE 12016

SAMPLE NC. 120!6.0 SMITH

F2Ql DESCRIPTION SUB NAPOLEONS HAT SHAPE CONCAVE ON BOTTOM. SUBANGULAR T0O SUB-
ROUNDED ON TGP VESICULAR MEDIUM GREY WITH WHITE PATCHY AREAS (PRESUMABLY THE
MILKY FELDSPAR CRUSTY SURFACE SEEN ON APOLLO 11 CRYSTALLINE ROCKS)

QUST COVERED BUT A FEW SMALL 2 7O 3 MM GLASSY PITS ARE VISIBLE AND ONE SMALL
AREA SUGGESTS SPLASH. TEXTURE NOT VISIBLE. FRACTURES VISIBLE ON ONE END

NO APPARENT RELATION TO ROCK SHAPE. THIS END SHATTERED AND FRIABLE. SOME
VESICLES ARE COALESCED AND APPEAR VUGGY. ONE AT LEAST. HAS REFLECTING CRYSTAL
FACES. MOST VESICLES ARE IN THE RANGE OF 1 TO 4 MM. THE OUST IS STRONGLY
ADHERENT TG ROCK AND RETAINS IMPRINTS OF TQOLS AND GLOVE ABRASIONS. FINE
PINPOINT GLITTERS SUGGEST SOME

CRYSTALLINE MINERALS ARE PRESENT IN THE DUST. BOTH THE GENERAL APPEARANCE AND
ALL DETAILS THAT CAN BE NOTED RECALL

SPECIFICALLY THE COARSER GRAINED FACIES OF APOLLOG 11 TYPE A. WE SEEM 70 BE
DEALING WITH THE SAME GR VERY SIMILAR ROCKS.

SAMPLE NO. 12016.0 WEIGHT 2028.0 G DIMENSIONS 7 X S X 4 IN. HARMON

F201 DESCRIPTIOH

SHAPE 1S SUBANGULAR WITH ROUNDED [RREGULAR SURFACES. COLOR IS A BROWNISH GREY
WHERE DUST COVERED. A LIGHTER GREY ON FRESHER SURFACES (WHERE BRUSHED3. THE
ROCK HAS A RATHER SALT AND PEPPER TEXTURE AND 1S DEFINITELY CRYSTALLINE. THE
THE ROCK 1S VESICULAR. BUT THE DENSITY OF VESICLES ON THE SURFACE APPEARS LOW
THE ROCK ALSQO APPEARS TO HAVE A THIN SURFACE CRUST TYPICAL OF THE APOLLO 1!
CRYSTALLINE ROCKS ( A SHATTER CRUST ), THE DENSITY OF SURFACE PITS APPEARS
LO¥. BUT ARE VERY NICE IMPACT CRATERS (PIT) ABOUT 1.5 CM IN DIAMETER CAN BE SEEN
ON ONE SIDE OF THE ROCK. THE THIN END OF THE RCCK ALSO HAS A FRACTURE RUNNING
DIAGONALLY ACROSS IT. THE 80TTOM (CONCAVE) SURFACE OF THE ROCK APPEARS T0 BE
MORE SHATTERED THAN OTHER SURFACES. THE CRYSTAL GRAINS ARE VISIBLE TO THE AIDED
EYE. BUT NO MINERALOGY CAN BE DETERMINED. SOME GRAINS ARE LARGE ENOUGH T0

MAKE REFLECTIONS VISIBLE BY MOVING ONES HEAD BACK AND FORTH. A MEDIUM GRAIN
CRYSTALLINE ROCK SLIGHT GLASS SPHERULES MAY ALSQO BE PRESENT ON THE SURFACE.

NASA-S-69-60720 NASA-S-69-60719

Figure A-14. - Sample 12016.
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SAMPLE 12017

SAMPLE NO. 12017.0 F201 DESCRIPTION O. ANDERSGN/E, GIBSON

WEIGHT S3 GRAMS DIMENSIONS 95X 3 X 2.5 CM

A COARSLY CRYSTALLINE MICROGABBRO TYPE ROCK WITH ABOUT 80 PERCENT OF ONE SIDE
COVERED WITH A DARK SHINY GILLASS LAYER. THE ROCK IS ROUGHLY PYRAMIDAL WITH
VERY SHARP CORNERS AND FLAT SIDES. IT APPEARS HOLOCRYSTALLINE WITH THE FOLLOW
ENG MINERALOGY.

PLAGIOCLASE FELDSPAR (CLEAR TO TURBIOD WHITE) APPROXIMATELY S0 PERCENT

PYROXENE. HONEY BROWN APPROXIMATELY 35 PERCENT (ONE CRYSTAL ABOUT 3MM LONG)

ILMENITE APPROXIMATELY 10 PERCENT

OLIVINE LESS THAN 5 PERCENT.

THERE ARE NO APPARENT LINEATIGNS. VUGS. VESICLES OR PITS ON ROCK. THE DUST
COVER QBSCURES BASE ROCK BUT DOES NOT STICK TO GLASS EXCEPT FOR VERY THIN
LAYER IN PLACES.

THE OUTSTANDING FEATURE IS THE LARGE GLASSY PATCH. THE GLASS HAS LUSTRE OF
POLISHED MOLYBODENUM. 1T AFPPEARS THINNEST AT POINTED END AND THICKEST AT
OPPCSITE END OF SIDE WITH GLLASSY SURFACE. THE FCLLOWING FEATURES WERE
OBSERVED ON THE GLASS.

1. NO IMPACT PITS ON SURFACE OF GLASS.

2. GLASS IS SOMEWHAT FRACTURED (ONLY A FEW LARGE FRACTURES).

3. BASE ROCK [S NO MORE ROUNDED UNDER GLASS THAN ELSEWHERE.

4. GLASS HAS NOT COMPLETELY WETTED ROCK BUT THERE ARE REGIONS WHERE
BASE ROCK SHOWS THROUGH DIMPLES,

S. THERE ARE DARKER GREENISH BROWN ELONGATE GLASS PATCHES ON SURFACE OF
BLACKER 6LASS. THESE ARE SUBPARALLEL AND APPEAR TO BE EVIDENCE OF A LATER
SPLASH. SOME OF THESE ARE 2 MM LONG BUT MOST ARE LESS THAN 1 MM,

6. THERE ARE SHALLOW DEPRESSIONS IN GLASS SURFACE WHICH ARE LIGHTER
COLORED. THESE ARE OVAL AND ARE ABOUT 2 TO 3 MM DIAMETER.

7. AT ONE END OF THE PATCH THERE ARE TW0 PLACES WHERE THE GLASS APPEARS
TO BE ALMOST I MM THICK WITH A SHARP STRAIGHT EDGE AS IF FRACTURED OFF. OGN
ONE OF THESE VERTICAL SURFACES SEVERAL VESICLES MAY BE SEEN IN THE GLASS.

8. ALONG ONE EDGE OF THE GLASS SURFACE. THE GLASS AND PART OF BASE ROCK
SEEM TO BE BROKEN AWAY EXPOSING A BLEACHED SURFACE INDICATING THAT THE ORIGI
NAL SURFACE OF THE ROCK HAS BEEN COVERED UP WITH GLASS.

S. A THICK (1 MM) KNOB IN GLASS IN ONE PLACE MAY BE A PIECE OF SOLID
MATERIAL IN GLASS WHICH IS NOW COVERED UP,

NASA-S5-70-45311 NASA-S-T70-44099

Figure A-15.- Sample 12017.
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SAMPLE 12018

SAMPLE 12018,0 WEIGHT 786.98 G DIMENSIONS 8 X 6 X 6 CM ANDERSON

F201 DESCRIPTION MEQTIUM GRAINED CRYSTALLINE ROCK. SIMILAR TO TYPE B ROCK OF
APOLLO LL. OLIVINE GRAINS 1/2 MM, WHITENED FELDSPARS. BLACK MINERAL/WHITE
MINERAL ABOUT S0/50. OVERALL BLOCKY WITH ONLY SLIGHT ROUNDING OF CORNERS.
SEVERAL LARGE GLASS LINED PITS. FE¥ SMALL ONES. PIT DENSITY LESS THAN 1/CM2.
PITS ABOQUT 1 MM DIAMETER.

NO VUGS ARE EASILY SEEN. NO LINEATION OR FRACTURES. NO GLASS SPLASHES AND ONLY
A FEW GLASS LINED PITS WHICH ARE DEEP AND HAVE RAISED RIMS.

WHEN ROCK WAS TURNED OVER. A FEW OF SAME PITS ON OTHER SIDE. SOME PYROXENES
APPEAR TQ BE UP TO 1 1/2 MM, TEXTURE SEEMS EQUIGRANULAR. ILMENITE NOT
CBSERVED. PROBABLY MINOR. ROCK WAS BRUSHED LIGHTLY WITH S.S. BRUSH TO REMOVE
DUST. NO SCRATCHES SEEN. WHITE MINERAL NOT EUHEDRAL.

SAMPLE 12018.0 F201 DESCRIPTION P. BUTLER

EXAMINATICON GF CHIPPED SURFACES. ONLY THE TWO UPPER SURFACES ARE ACCESSIBLE
TO THE BINOCULARS.

MINERALOGY.

PYROXENE. MEDIUM 7O DEEP BROWN (DEPENDING ON SIZE OF THE GRAINI. MOST
GRAINS ARE ABOUT 0.2 MM IN SIZE. ANHEDRAL AND EQUIDIMENSIOGNAL. ON THE TwWQ
CHIPPED SURFACES ACCESSIBLE TO £XAMINATICN. HOWEVER. THERE ARE SEVERAL POLY
CRYSTALLINE AGGREGATES OF PYROXENE 1.5 TO 2 MM ACROSS COMPOSED OF 0.5 MM
INCIVIDUALS. SOME OF THESE. LARGER GRAINS EXHIBIT APPROXIMATELY 90 DEGREE
CLEAVAGES. ONE 2 MM PYROXENE 1S BY ITSELF IN THE FINER GRAINED MATRIX.

OLIVINE, PALE GREEN: FINE GRAINED (ABOUT 0.1 MM) GENERALLY SOMEWHAT
SMALLER THAN PYROXENE GRAINS. ANHEDORAL AND EQUANT IN SHAPE. AS WITH THE
PYROXENE. THERE ARE A FEW AGGREGATES OF COARSER GRAINED OLIVINE VISIBLE.

PLAGIOCLASE. WHITE TURBID PATCHES (ABOUT 0.1 T3 0.2 MM). VERY IRREGULAR
IN SHAPE. NO CLEAVAGES OBSERVED. INTERSTITIAL TO THE OTHER MINERALS.

ILMENITE. BLACK SHINY GRAINS. GENERALLY 1/2 TO A FULL ORDER OF MAGNITUDE
SMALLER THAN THE AVERAGE OLIVINE AND FYROXENE GRAINS. WELL DISSIMINATED
ACROSS THE CHIPPED FACES.

MODE.

PYRGXENE (BROWN]) S0 PERCENT

OLIVINE (PALE GREEN) 20 PERCENT

PLAGIOCLASE (TURBID WHITE) 25 PERCENT

ILMENITE (OPAQUE BLACK) S PERCENT
SURFACE ZONE. SECTION PROVIDED BY THE CHIPPEQ SURFACE FROM THE SURFACE OF
THE ROCK INWARD SHOWS AN QUTER ZONE CAPPROXIMATELY 2 MM THICK) IN WHICH MOST
OF THE MINERALS ARE WHITE AND POWDERY AS THOUGH PARTIALLY CRUSHED. THIS
ZONE MAY NOT BE CN ALL SURFACES AND COULD BE HELPFUL IN THE ORIENTATIGN OF
THIS ROCK.
VUGS. CLOSE EXAMINATION REVEALS THE PRESENCE OF SEVERAL VUGGY AREAS (ROUGHLY
2.3 MM BROAD) THAT ARE AT LEAST HALF FILLED WITH A JUMBLE OF RANDOMLY
ORIENTED COLUMNAR PLAGIOCLASE AND PYROXENE CRYSTALS. MOST CRYSTALS HAVE A
LENGTH TO BREADTH RATIO OF AT LEAST 10. DENSITY OF VUGS LESS THAN 1/CM2.
CHANGES IN MINERALS NEAR YUGS. NO MARKED INCREASE IN SIZE. GREAT CHANGE IN
SHAPE OF PYROXENE FROM EQUANT TO ELGNGTATED COLUMNAR. PLAGIOCLASE GCCURS ONLY
IN THE YUGS AS DISTINCT INDIVIDUAL CRYSTALS.
ALTERATION. NONE OTHER THAN PLAGIOCLASE AND SURFACE ZONE CRUSHING NOTED ABOVE.
TERRESTRIAL ANALOGUE. MEDIUM GRAINED GABBRQ.

SAMPLE 12018 CHIPS. SMALLEST TQ LARGEST (A TO D3,

CHIP A 0.7 X 0.8 X 0.5CM 1 GRAM
CHIPB 1.5X1 X 0.8 2 GRAMS
CHIPC 1.5X1.5X1 2 GRAM WEDGE SHAPED
CHIPD 2X2.5X1CH S GRAMS
ONE OF THE THREE SMALLER CHIPS (A. B. OR C) FELL OFF THE ROCK DURING MANIPULA
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TION. THE LARGEST (D) AND THE OTKER T¥0 WERE ALL SPLIT OFF BY THE SAME HAMMER
BLOW ON THE SPLITTER,

SAHPLE NO., 12018.3 WONES

SHAPE. WEDGE SHAPED. SIM{LAR TO STONE AGE IMPLEMENTS. 0.6 X 1.2 X 2.0 CHM.
COLGR. NEUTRAL GRAY N7 YO N&

TEXTURE. VUGGY EQUIGRANULAR, EGUANT OLIVINE AND PYRGXENE WITH OCCASICNAL
LATHS OF PLAGIOCLASE. AVERAGE GRAIN SIZE .4 MM. GLIVINES TEND 10 BE 0.6 MM,
FABRIC. NONE DETECTED. VUGS ARE WIDESPREAD AND IRREGULAR.

FRACTURES. NONE DETECTED,
SURFACE FEATURES. CONCAVE SIDE OF FRAGMENT APPEARS TGO BE AN ORIGINAL
SURFACE. TW0O PIT/CM2. SOME GLASS LININGS PRESERVED. SOME GLASS IS ALSO
PRESENT.
MINERALOGY.
MODE.
PYROXENE 75 PERCENT
OLIVINE 8 PERCENT
PLAGIGCLASE 15 PERCENT
OPAGUES 2 PERCENT :
PYROXENE. EQUANT GRAINS. HONEY TO DARK BROWN IN COLOR. 0.4 MM AVERAGE
DIAMETER TEND TO 8ECOME ACICULAR AT YUGS,
OLIVINE. EGUANT GRAINS, YELLOW GRBEN APPEAR TO BE TANGENTIAL TO ONE
VESICLE. AVERAGE DIAMETER IS 0.6 MM.
PLAGIOCLASE. TABULAR CLEAR CRYSTALS 0.05 X 0.4 CONCENTRATED TOWARD VUGS,
OPAQUES. DISPERSED AS BLADED CRYSTALS THROUGHGUT RGCK,
TRIDYMITE. CLEAR LATH LIKE CRYSTALS IN VUGS.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
A-A CHEMICAL ANALYSIS

E-SPEC ANALYSIS
X-RAY ANALYSIS

NASA-S-69-61967 NASA-8-69-61973

Figure A-16. -~ Sample 12018.
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SAMPLE 12019

SAMPLE NO. 12019.0 WEIGHT 462.39 G OIMENSIONS 9 X 7 X 6CM GIBSON
LAST ROCK DESCRIPTION FROM F201.
SPECIMEN COLOR. LIGHT TO MEDIUM CHARCOAL GRAY,
SURFACE FEATURES. SMOOTH GENERALLY WITH NUMEROUS GLASS LINED PITS. FREQUENCY
OF PITS [S 3 TO 4 PER SQUARE CM. ONE SIDE OF SPECIMEN HAS 2 FRACTURES. ONE IS
PERPENDICULAR YO THE OTHER.
ONE SMALL AREA OF SURFACE OF SPECIMEN APPEARS NOBBY. PERHAPS BOTTOM. TOP IS
SMOOTH WITH GLASS PITS MORE ABUNDANT THAN FRACTURED REGION WHICH HAS FEW PI7S.
PROBABLY FRACTURED REGION WAS BOTTOM OF ROCK AND SMOOTH SURFACE WITH GLASS
LINED PITS THE TGP. THERE IS NO APPARENT BATH TUB RING ON THIS SPECIMEM AS
OBSERVED FROM THE SO PORT OF F201.
THE SURFACE OF SPECIMEN IS DUSTY AND THE DUST IS FOUND IN NUMEROUS GLASS PITS
AND VUGS PROHIBITING FURTHER EXAMINATION OF BOTTOM AND SIDES OF VUGS AND PITS.
NO WAY TO TELL IF VUGS ARE LINED WITH CRYSTALS.
THE GLASS LINED PITS RANGE IN SIZE FROM 0.5 MM TO 2 MM. PITS ARE LINED WITH
A BLACK GLASS WHICH RANGES IN THICKNESS FROM 0.02 TO 0.2 MM OEPENDING UPON
THE SIZE OF THE PIT. THE DEPTH OF THE P1TS RANGE FROM 0.2 MM 70 0.5 MM,
THE ROCK 1S A FINE GRAINED ROCK. NO LINEARIONS ARE APPARENT. REGIONS OF
SURFACE ¥HICH ARE NOT DUST COVERED APPEAR HOLOCRYSTALLINE.,
THERE ARE NO APPARENT GLASS SPLASHES ON THE SPECIMEN AS VIEWED FROM THE SO PORT.
MINERALOGY. MODE.
PLAGIOCLASE FELOSPAR CLEAR TO TURBID WHITE L7 0.1 TO 0.2 60 TO 70 PERCENT
OLIVINE PALE BOTTLE GREEN 0.1 10 0.2 LESS THAN S PERCENT
PYROXENE HONEY BROWN 0.1 10 0.2 20 PERCENT
ILMENITE BLACK OPAQUE 0.2 7O 0.4 10 PERCENT
TERRESTRIAL ANALOGUE. MICROGAEBRO.
SPECIMEN WAS NOT CHIPPED. 1T WAS CANNED IN CAN 3-32 IN £201. PROBABLY EASIER
TO CHIP THIS SPECIMEN IN PCTL THAN IN F201.
TYPE A ROCK.

NASA-S-69-63318 NASA-S5-63-63316

Figure A-17. - Sample 12019.
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SAMPLE 12020

SAMPLE NO. 12020 WEIRHT 312 GM DIMENSIONS 8 X 6 X 6 CM WARNER
GENERAL SHAPE IS TRIGIONAL OIPYRAMID. SPECKLED BROWNISH CHARCOAL GREY.
SURFACE IS ROUGH. YUGGY. ONE PREDOMINATE PLANAR FRACTURE. GLASS LINED
PITS. VERY FEW. MOSTLY FRESH BROKEN SURFACES. MANY FRACTURES LOOKS LIKE A
FRAGILE ROCK.
MANY VUGS. 4 CM ACROSS. ABOUT 2 PER CM2 OF SURFACE AREA. VUGS CONTAIN FANTASTIC
CRYSTALS.

1. LARGER ONES

2. PRISMS (STRICTED) OF FELDSPAR AND PYROXENE .5 MM X 2 MNP

3. ALSO OLIVINE. BUT NG ILMENITE.
TEXTURE HOLOCRYSTALLINE. GRANULAR.
PCTL CHIP FROM E CORNER ON CAMERA | PRESPLIT PHOTO CHIPS IS 2 X 3 X | 1/2 CM
ESTIMATED MASS = 13 GRAMS. NEW MODE ESTIMATE,

MINERALOGY. _
FELDSPAR. COLORLESS 45 PERCENT .1 MM
PYRGXENE. HONEY BROWN 30 PERCENT .2 MM
OLIVINE. DEEP YELLOW GREEN 20 PERCENT .S MM
ILMENITE. BLACK OPAGUE 5 PERCENT .2 MM
IN VUGS.

A) FELDSPAR LATHS. .1! MM X 2 MM
B) PYROXENE LATHS. © SIDED. .1 MM X 1 MM
TERRESTRIAL ANALOGUE OF SPECIMEN. OLIVINE BASALT

SAMPLE NO. 12020.5 THINM SECTION
MCDE
PLAGIOCLASE 20 PERCENT
PYRGXENE 48 PERCENT
OLIVINE 30 PERCENT
OPAQUE - 2 PERCENT

THE FOLLGWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
X-RAY ANALYSIS

NASA-S-70-43639 NASA-8-70-43638

Figure A-18. - Sample 12020.
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SAMPLE 12021

SAMPLE NO. 12021.0 DIMENSIONS 14 X 12 X 8 CM CAN 40016 WONES

SMALL CHIPS. CAN ITR4

DEFORMED TRIANGULAR PRISM WITH A CONC:vc BASE. APPEARS TO BE A SPALLED BLOCK.
NEUTRAL GRAY WITH GREENISH CAST. COARSE. PEGMATITIC PYROXENE., IN RADIATING
SHEAVES., OPHITIC TEXTURE. GRAINS OF PYROXENE UP TG 3 CM LONG X 4 MM WIDE.
PINKISH APPEARANCE UNDER BINOCULAR. BROWN PYROXENE GRAINS 1 MM X | MM IN
INTERSTICES ON BLADED PLAGIOCLASE. DEEPER BROWN MINERAL, GREEN MINERAL AND
OPAQUES SCATTERED THROUGH PYROXENE AND PLAGIGCLASE. SOME BLADED ILMENITE.
MESH OF COARSE PYROXENE WITH INTERSTITIAL PYROXENE AND PLAGIOCLASE. ILMENITE AND
BROWN MINERAL (SPHENE) SCATTERED THROUGH SAMPLE. VUGS PRESENT. NO VESICLES.
FABRIC 7 1. NO OBSERVATION OF LINEATIONS. CANNOT TELL [F PLAGIOCLASE IS
TRULY RANDOM. 2. VUGS APPEAR AT INTERSECTICN OF PLAGIOCLASE GRAINS.
FRACTURES/ 1. OCCUR NEAR EDGES. APPEAR T0 BE CONTROLLED BY PYROXENE
SHEAVES. 2. ORIENTATION CONTROLLED BY SURFACE AND PYROXENE. 3. CON
CENTRATED ON ONE SIDE WITH SHATTER ZONE. SURFACE FEATURES / CONVEX SURFACE
SHOWS TEXTURES VERY WELL. NO APPARENT EROSION OF SURFACE. FRESH LARGE
CRYSTALS EASILY OBSERVED EVEN THOUGH SOME DUST STILL ADHERES.

CONCAVE SIDE PITTED. SMALL PITS WITH HALOES. THIS IS SO COARSELY CRYSTALLINE
THAT STUDZES OF PITTING ON SPECIFIC MINERALS WOULD BE POSSIBLE. SHATTER ZONE
ON SURFACE SEEMS FAIRLY THICK ON ONE SIDE. GOOD DEAL OF DUST ADHERING 10
SAMPLE. SHATTERED MATERIAL PROMINANT ON SURFACE OF CHIP.

CHIP OFF OF MOST PRO-

TRUDING CORNER APPEARS FINED GRAINED AND MORE CGLIVINE RICH THAN REST OF
SAMPLE. SIDE THAT IS A SHATTER ZONE HAS MANY FRACTURES.

MADE. 12021.0

PLAGIOCLASE 55 PERCENT
PYROXENE 40 PERCENT
OLIVINE 2 PERCENT
BROWN MINERAL 2 PERCENT
OPAQUES t PERCENTY
MODE. 12021.1
PLAGIOCLASE 60 PERCENT
PYROXENE 30 PERCENT
CLIVINE 7 PERCENTY
BROWN MINERAL 2 PERCENT
OPAGQUES 1 PERCENT

S1ZE AND SHAPE. PLAGIOCLASE. 30 MM X 4 MM TO S MM X 1 MM. LATHS OCCURRING
IN SHEAVES. PYROXENE. 1 MM X 1 MM TO SMALLER. BLOCKY CRYSTALS IN
INTERSTICES. OLIVINE, 2 MM X 2 MM. ROUNDED TEXTURE. ILMENITE THIN
BLADED. 1 MM X LESS THAN 0,1 MM. ROUND EQUART GRAINS LESS THAN | MM X LESS
THAN 1 MHM. CONCENTRATION OF ILMENITE AT VUGS. PERHAPS SAMPLE IS TRUE FOR
OLIVINE. NO ALTERATION GBSERVED. ROCK NAME = GABBRO

SAMPLE 12021.0 WEIGHT 1876.58 WONES

ONE SIDE OF ROCK HAS RELATIVELY OUST FREE AREA SHOWING. RADIATING BLADED CRYSTAL
UP TG 2 1/2 CM LONG., THESE BLADES SEEM LIGHTLY COLORED IN PLACES. KHAXKI TO
GREY WITH A DARK BACKGROUND, THEY ARE SOMEWHAT TRANSLUCENT. THE BLADES HAVE
SOME STRUCTURE GFTEN WITH LIGHT COLORED CORE AND DARKER GUTER PART. THESE
BLADES HAVE ONE CLAVAGE PLANE PARALLEL TO LONG AXES OF CRYSTAL,

OLIVINE IS ABUNDANT LIGHT GREEN. BROWN (GARNET COLORED) GRAINS MAY BE SPHENE.
LIGHTER BROWN (HONEY BROWN) MAY BE PYROXENE. A FEW ROUND BLEBS OF OPAGUE
MINERAL POSSIBLY ILMENITE.

PHOTOS WERE TAKEN WITH THE ROCK IN TwQ POSITIONS. POSITION 1. RECORDS ONLY.
POSITION 2. RECORDS AND STEREQ.

SAMPLE NGO 12021 WEIGHT 7.19 GRAMS SMITH
ANGULAR FRAGMENT 20 X 15.8 X 15.8 MM WITH COAREST GRAIN SIZE YET SEEN IN LUNAR
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ROCKS. BLADED STRUCTURE CAUSED BY INTERGROWTH OF LONG PRISMATIC CRYSTALS OF
PLAGIOCLASE AND CLINOPYROXENE. SOME OF THESE BLADES ARE AT LEAST 168 MM LONG
AND REPRESENT INCOMPLETE CRY$TALS THAT WERE BROKEN OFF AT BOTH ENDS DURING
CHIPPING. ONE END OF FRAGMENT REPRESENTS THE OUTER EXPOSED SURFACE OF ROCK
BEFORE CHIPPING AS EVIDENCED BY CHALKY FELDSPAR., ADHRERING DUST AND RARE GLASS
P1TS.

THE LARGE PYROXENE CRYSTALS ARE CHARACTERIZED BY HONEY YELLOY CORES AND DARK CIN
NAMON BROWN RIMS. THE HONEY YELLOGW CORES STRONGLY RESEMBLE YELLOWISH OLIVINE
BUT ARE PROBABLY PIGECGNITE. THERE IS A TENDENCY FOR THE AGGREGATES OF

BLADES TG ASSUME OPHITIC ARRANGEMENT SURROUNDING YUGGY CAVITIES.

APPROXIMATE MODE. CLINOPYROXENE (2 TYPES) S5. PLAGIOCLASE 40. OPAGUES
CILMENITE) S.

PLAGIGCLASE N GREATER THAN 1.570 CABOUT AN 85 TO S0).

THE CINNAMON BROWN PYROXENE HAS LARGER 2V AND NG ABOUT 1.736 (VARIABLE OUE TO
ZONING).

SAMPLE NO. 12021 CHIP WILCOX

CRUMBS FROM CHIP., MANY APPARENTLY FRAGMENTS FROM THE LONG PALE BROWNISH GREEN
CRYSTAL IN CHIP. THESE FRAGMENTS ARE GLASSY CLEAR. POLYGONAL FRACTURE PIECES.
THREE FRAGMENTS ON SPINDLE STAGE SHOW HOMOGENEOUS CRYSTALS OPTICS. ALTHOUGH SOME
FINE LAMELLAE STRUCTURE PARALLEL TO PARYING.

UNCAL IBRATED LIGQUIDS BUT NEWLY OPENED.

NX 1.695., 1.695. 1.694, PLUS OR MINUS . 001

NY 1,686, 1.686, 1.6385 PLUX OR MINUS .00}

NZ 1.717. 1.716, 1.716 PLUS OR MINUS .002

NZ HMINUS NX .002, .021. .022 PLUS OR MINUS .(Q03

ONE MOUNT GAVE A BXA FIGURE. FROM WHICH 2VvZ = 15 DEGREES PLUS/MINUS 5 DEGREES.

NASA-S-69-61986 NASA-S-69-61990

¥Figure A-19. - Sample 12021.
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R LESS THAN V STRONG.
THESE CHARACTERISTICS WOULD FIT PIGEONITIC CLINOPYROXENE ALTHOUGH BIREFRIGENCE

IS ON THE LOW SIDE.

SAMPLE NO. 12021 CHIP CHAO
WEIGHT 7.1 GRAMS DIMENSIONS ABOUT 2 X 1.5 X 1.5 CM TRAPEZOQIDAL-SHAPED
FRAGMENT.

GENERAL APPEARANCE - LAVENDER BROWN COARSELY HCOLOCRYSTALLINE ROCK WITH LONG
PRISMATIC PHENQCRYSTS GREATER THAN 1 CM LONG AND 2-3 MM WIDE. ROCK IS SLIGHTLY
VUGGY.

TEXTURE AND GRAIN SIZE - PORPHYRITIC. COARSE GRAINED. GROUNOMASS GRAIN
SIZE 0.3 - 0.5 MH.

SURFACE FEATURE - A CHIP. SEE DESCRIPTION OF ¥HOLE SPECIMEN.

MINERALS -

f. PIGEGNITE PHENOCRYSTS - QISTINCTLY ZONED. SOME HAS A ELONGATED CORE
OF PLAGIOCLASE. THE INNER ZONE CONSISTS OF GREENISH YELLOW PIGEONITE WITH
BASAL PARTING., RIMMED BY NARROW WINE BROWN SUBCALCIC AUGITIC PYROXENE. SEE
GRATN MOUNT DESCRIPTION.
2. CLEAR PLATY LUSTROUS CALCIC PLAGIOCLASE. SEE GRAIN MOUNT FOR ESTIMATE
OF COMPOSITIOGN.
3. BLACK METALLIC PLATES - ILMENITE.
4. YELLOW UNRIMMED GRAINS PROBABLY OLIVINE.
SHOCK - NO EVIDENCE.
SPINDLE NOUNT -
t. GREENISH YELLOW PIGEGNITE. 2V ABOUT S OEGREES BIAX. POSITIVE
NA = 1.691 PLUS/MINUS 0.001 GRADATIONAL FILTER
NG = 1.712 PLUS/MINUS 0.001
BIREFRINGENT = 0.021
2. CALCIC PLAGIOCLASE BIAX. (-). LARGE 2V.
NB = 1.582 PLUS/MINUS 0.001 EST. AN ABOUT 90-85 PERCENT.

REMARKS - THIS IS A VERY COARSE GRAINED VARIETY OF 12065. DISTINCTLY
PORPHYRITIC WITH VARIOGLITIC-LIKE GROUNDMASS. THE INTERMEDIATE GRAIN SIZE WOULD
BE 12039.

SAMPLE NO. 12021 THIN SECTION CHAQ
THIN SECTION. CONSISTING OF GNE LARGE ZONED PRISMATIC CLINOPYROXENE AND
SURROUNDING GROUNDMASS.

TEXTURE ANO GRAIN SIZE - THE LARGE CRYSTAL IS GREATER THAN 2 CM LONG
(BROKEN). AND ABOUT 1.5 MM WIGE. GROUNDMSSS PLAGIGCLASE ARE 0.3 TO 0.6 MM IN
LENGTH,

HMINERALS -

1. ZGNED PIGECNITE

2. CALCIC PLAGICCLASE

3. [ILMENITE
NO OLIVINE IN THIS SECTION OR CRISTOBALITE. THIS THIN SECTION IS NOT SUITED
FOR ESTIMATING MODAL COMPOSITION.

REMARKS - COARSE-GRAINED PORPHYRITIC GABBRO. THIS VARIETY IS PROBABLY A

COARSE PHASE OF THE FINE-GRAINED FLOW UNIT OF 12065. EXCELLENT MATERIAL FOR
THE STUDY OF NEARLY PURE PIGEONITE. FOR MINERAL SEPARATION OF SUCH.

SAMPLE NO. 12021.2 THIN SECTION
HODE
PLAGIOCLASE 40 PERCENT
PYROXENE 5SS PERCENT
GPAQUES S PERCENT
CRISTOBALITE T
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SAMPLE 12022

SAMPLE NO, 12022 WEIGHT 1864.3 GR 0. H. ANDERSON/VSA

F201 DESCRIPTION

MEDIUM GRAINED CRYSTALLINE ROCK (GRAIN SIZE APPROXIMATELY 0.1 MM) WITH NUMEROUS
VISIBLE SURFACE PITS. PITS RANGE IN SIZE FROM 2 MM TO 0.1 MM WITH A PIT DENSITY
OF TWO PITS PER SQUARE MILLIMETER. THE PITS ARE ALL GLASS LINED. THE OUTER
MOST MILLIMETER OF THE ROCK APPEARS TQ BE UNIFORMLY MORE WHITE THAN THE
INTERIOR OF THE ROCK. THE INTERIOR IS APPARENTLY OF A DARK GRANULAR TEXTURE.
THE SMALL PORTION VISIBLE APPEARS SUGARY. ONE CORNER NEAR THE APEX OF THE ROCK
APPEARS TO HAVE BEEN BROKEN OFF. BUT A YERY FEW GLASSY PITS ON THIS SURFACE
INDICATE IT MAY HAVE HAPPENED SOME TIME AGO. THE OVERALL SURFACE OF THE ROCK
IS FAIRLY SMOOTH WITH FEW PLACES CLEAN ENOUGH TO SHOW THE TRUE SURFACE. THE
ROCK 1S APPARENTLY RATHER HARD BECAUSE THE TOOL IN THE VACUUM CHAMBER HAVE LEFT
METAL SCRAPPINGS OGN THE SHARP CORNERS OF THE ROCK. THERE IS NO INDICATION OF
LAYERING OR PREFERRED FRACTURE PLANS FROM THE POSITION OBSERVED,

THE COLOR IS DARK GREY OVERALL WITH LIGHT PATCHES SHOWING THROUGH THE DUST.

NO MODE CAN BE DETERMINED YET, BUT THE DARK MINERALS APPEAR TG BE MORE ABUNDANT
THAN THE LIGHT. A FEW GREENISH GRAINS (OLIVINE) APPEAR ON THE SURFACE. THIS
VIEW IS WITH THE ROCK IN THE SAME POSITION AS IN THE PHOTOS.

COLOR. SPECKLED LIGHT GRAY WiTH A BROWNISH GREENISH CAST.

TEXTURE. VERY VUGGY. COALESCED VUGS AS MUCH AS 1t CM IN DIAMETER, THUS MAKING
THIS SPECIMEN EXCELLENT FOR CRYSTALLINE STUDY. HOLOCRYSTALLINE GRANULAR.
ABUNDANCE OF FRACTURES IS MINOR.

SAMPLE NO. 12022.0 WEIGHT 16864.3 GR DIMENSIONS 14 CH X 9.5 CM X 7 CM HARMON
THIS ROCK HAS A BLOCKY SHAPE (THAT OF AN IRREGULAR PYRAMID. THE COLOR IS A
MEDIUM GREY WHERE THE SURFACE 1S COVERED WITH DUST. BUT AREAS OF A LIGHTER GREY
AND WHITE ARE SCATTERED OVER YTHE SURFACE OF THE ROCK WHERE THE DUST IS NOT
PRESENT AND DARKER WHERE FRESH SURFACES ARE EXPOSED BELOW THE SURFACE OF THE
ROCK. THE RGCK IS CRYSTALLINE AND OF A HEDIUM FINE GRAIN SIZE. THE ROCK SHOWS
NGO FRACTURING TG THE UNAIDED £EYE OR THROUGH THE STEREQ MICROSCOPE EXCEPT THAT
ONE CORNER OF THE ROCKX HAS BEEN BROKEN OFF. NUMERQOUS MICROMEYZORITE IMPACT PITS
ARE PRESENT ON ALL SURFACES OF THE ROCK. THE FRACTURED SURFACE HAVING FEWER THAN
OTHER SURFACES. THESE PITS ARE ALMOST AL¥AYS GLASS LINED. BUT SOME GLASS

WAS OBSERVED ON THE SURFACE CF THE ROCK. NO MINERALOGY [S READILY IDENTIFIABLE
BY BINGCULAR MICROSCOPE EXAMINATION OF THE SAMPLE OTHER THAN PERHAPS A FELDSPAR
(WHITE LATH SHAPED MINERAL). SOME OLIVINE C(LIGHT GREEN. EQUANT GRAINS). AND

AND A MINERAL WITH A GREY METALLIC LUSTER. IN ONE -SPOT ON THE

SURFACE AN EQUANT BROWN GRAIN ( 1/4 MM) [S PRESENT ALL ALONE ON THE SURFACE CF
THE RCCK, 1T APPEARS TO BE GLASS, BUT MAY BE THE HONEY BROWN MINERAL SEEN IN
SOME APOLLO 11 RQCKS, THE SURFACE QF THE ROCK TO DEPTH OF ABOUT 1 MILLIMETER
APPEARS TO BE A SHATTER CRUST AS THE AREAS WHERE WHITE AND LIGHT APPEAR { AREAS
OF NOC DUST). THESE GRAINS ARE HIGHLY BROKEN UP. THE INTERIOR OF THE ROCK
GENERALLY APPEARS TO BE QUITE DARK S8ELOW THIS SHATTER CRUST / A DARK GREY/GREEN.

SAMPLE NO. 12022.1 POST SPLIT F201 DESCRIPTION WARNER
WEIGHY. ABOUT 5 GRAMS DIMENSIONS., 1 X 3 X 2 PCTL CHIP
CLIVINE (PHENOCRYSTS) 15 PERCENT 3 MM
ILMENITE (PLATES) 3 PERCENT 1 X .2 MM
PYROXENE 35 PERCENT «2 MM

PLAGIOCLASE 45 PERCENT »1 MM
SAMPLE NO. 12022 CHIP CHAQ
WEIGHT 3.9 GRAMS DIMENSIONS ABOUT 2 X 1.5 X (.4 - .81 CM

GENERAL APPEARANCE - A CHIP QF MEDIUM GRAY FINE-GRAINED HOLOCRYSTALLINE
ggcg :éTH A BROWNISH PURPLISH TINGE. SLIGHTLY VUGGY. TRUE VESICLES NOT PRESENT
H .
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TEXTURE AND GRA.N SIZE - SLIGHTLY PCRPHYRITIC. PROBABLY SIMILAR TO 12065,
CHECK NEEDED FROM THIN SECTION, EXCEPT OLIVINE THE GRAIN SIZE IS AVERAGE
ABOUT 0.3 MM,

MINERALS - MEGASCOPIC

1. PINKISH BROWN. PURPLISH BROWN CLINCPYROXENE, ABUNDANT. S50 +
PIGEONITIC NOT AS WELL ZONED AS OTHER PORPHYRITIC TYPE (SEE THIS SECTION).

2. GLASSY CRYSTAL. RECTANGULAR OR LATH-SHAPED. PLAGIOCLASE.

3. GREENISH YELLOW. VITREQUS LUSTER OLIVINE. ABOUT 20 PERCENT. SLIGHTLY
BIGGER IN GRAIN SIZE THAN QTHERS.

4. PLATY ILMENITE - EQUAL TG OR LESS THAN 10 PERCENT. NOT EASILY SEEN.

S. CUBIC HARIT OPAQUES ALSO PRESENT.

GRAIN MOUNT -

OLIVINE - BIAX. C-). LARGE 2V. N GREATER THAN 1.696 OK.

PLAGIOCLASE OK.

CLINOPYROXENE FINELY INTERGROWN WITH ILMENITE ANO SGME PLAGIOCLASE.
TYPICAL COLOR. GRAINS TOO FINE FOR GOOD FIGURES.

GLIVINE RICH. PORPHYRITIC. (VARIOLITIC TEXTURE) BASALT. (FAIR AMOUNT oF
ILMENITE) LOOKS LIKE AN OLIVINE BASALT OR A PICRITE BASALT.

SAMPLE NO. 12022 COVERED THIN SECTION IN 64-7338 CHAQ
PORPHYRITIC (GROUNDMASS VARIOLITIC. BLADED. FAN PATTERNED].
GRAIN SIZE - WINE INTENSE BROWN CLINCPYROXENE 0.3 X .8 MM,
OLIVINE CCLEAR) - UP TO 1.2 X 2.0 MM, MOSTLY §.2 X 0.35 MM,
PLAGIOCLASE - ONLY IN GRCUNDMASS - LATHS. SOME SHALLER
AVERAGE 15 X S50 MICRO UNITS.
MINERALOGY -
1. WINE BROWN CLINOPYROXENE - 2V ABOUT 35 DEGREES TO 40 DEGREES BIAX,
C+) SUBCALCIC AUGITE C(QUESTION). PHENOCRYSTS CHECKED ONLY. SIMPLE TWIN. NOT
CBVIOUSLY ZONED ABOUT 25 PERCENT.
2. OLIVINE - PHENOCRYSTS BIAX. (-J). 2V ABOUT 85 DEGREES TO 90 DEGREES
WITH ROUND OROPLETS OF GLASSY INCLUSIONS (FINELY CRYSTALLIZED) - LIGUID TRAPPE
BY THE CRYSTALLING OLIVINE. ABOUT 25 PERCENT, :
3. ILMENITE THIN PLATES CROSS CUTS BLADED GROUNDMASS (THUS THEY ARE
PROBABLY NEEDLES). SKELETAL HABIT COMMON,
4. GROUNDMASS -BOOKS OR PACKS OF ALTERNATING PRISMATIC CLINOPYROXENE
AND PLAGIOGCLASE FELDSPAR., MGRE PRISMATIC THAN PLATY. ABQUT 50-50. TOTAL
GROUNDMASS 50 PERCENT.
SHOCK - NO EVIDENCE OF SHOCK.
REMARKS - MGDAL COMPOSITION YET Y0 BE MEASURED. THE CRUDE ESTIMATES GIVEN
SUGGEST THAT THE ROCK MAY BE CLASSIFIED AS A PICRITE BASALT WITH A PORPHYRITIC.
YARIOLITIC (QUESTICON) TEXTURE.

MODAL ANALYSIS OF ROCK 12022

REFLECTED AND TRANSMITTED ILLUMINATICN WERE USED TO COMPLETE A MODAL ANALYSIS
ON THE POLISHED THIN SECTION 12022.6.

USING TRANSMITTED LIGHT. A TOTAL OF 1,723 POINTS WERE COUNTED ON A GRID OF
0.3 MILLIMETER. WITH A TOTAL MAGNIFICATION OF 200X. THE FOLLOWING IS A
SUMMATION OF THE MINERALS AND THEIR VOLUME PERCENTAGES.

OLIVINE 298.3

CLINO-PYROXENE 26.8
PLAGICGCLASE 22.7
OPAGUE MINERALS 2i.2

USING REFLECTED LIGHT. A TOTAL OF 1.238 POINTS WERE COUNTED ON A GRID

0.3 MILLIMETER. A TOTAL MAGNIFICATIGN OF 250X WAS USED FOR OBSERVATION. THE
USE OF REFLECTED LIGHT ALLO¥S THE DIFFERENTIATION OF THE OPAQUE MINERALS AND
THEIR PERCENTAGES AS FOLLOWS.

ILMENITE a.i
SPINEL 2.0
NATIVE IRON S
TROILITE 2
TRANSPARENTS 88.2
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IT 1S QUITE NOTICEABLE THAT THE OPAQUE MINERALS OBSERVED BY TRANSMITTED LIGHT
ARE ABOUT TWICE THE PERCENTAGE OBSERVED USING REFLECTED LIGHT. SINCE
BOUNDARIES OF OPAQUE MINERALS IN THE PLANE OF THE ANALYSIS CANNOT BE ACCURATELY
DETERMINED BY THE USE OF TRANSMITTED LIGHT. THE TRANSMITTED VALUE MUST BE
CORRECTED. THEREFQRE. THE VALLUE FOR THE IDENTIFIED GPAQUE MINERALS BY
REFLECTED LIGHT MUST BE SUBSTITUTED FOR THE TRANSMITTED OPAQUE VALUE.

THE CORRECTED MODAL ANALYSIS FOR ROCK 12022 IS AS FOLLOWS.

TRANSPARENTS PERCENT
OLIVINE 32.8
PYROXENE 29.8
PLAGIOCLASE 25.5
OPAGUES

ILMENITE 9.1
SPINEL 2.0
NATIVE [RON .5
TROILITE 2

THE FOLLOWING EXPERIMENT ¥AS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
RARE GAS ANALYSIS

NASA-S-69-61999 NASA-S-69-62001
Figure A-20. - Sample 12022.
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SAMPLE 12023

SAMPLE NO, 12023 WEIGHT 268.3 GRAMS
LUNAR ENVIRONMENT SAMPLE - STORED IN VACUUM IN F201.
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SAMPLE 12024

SAMPLE NO. 12024 WEIGHT 101.4 GRAMS HARMON

GAS ANALYSIS SAHMPLE CONTAINER. FILLED ON THE LUNAR SURFACE AND OPENED IN THE
GAS ANALYSIS LABORATORY. NOW STORED IN AIR-CONTENTS WERE FINES AND SMALL ROCKS
/MAINLY GLASS COATED SBRECCIAS).

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

TOTAL CARBON ANALYSIS
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SAMPLES 12025, 12026, 12027, AND 12028

Four drive-tube core samples were collected from three localities and returned
by the Apollo 12 crew. The location of the core-tube samples is shown in figure 3.
The second and third core tubes were screwed together in a successful attempt to pen-
etrate a light-colored layer underneath a dark layer. The first three core tubes were
opened, described, and dissected to provide samples for biological and physical anal-
yses. The fourth core tube remains in storage.

The Apollo 12 core samples differ from those collected at the Sea of Tranquility
in that they have easily recognizable stratigraphy and two coherent crustlike layers;
otherwise, they resemble the Apollo 11 cores in their dominantly fine-grained textures
and loose consistency; in their restricted range of medium-gray colors and fresh un-
oxidized appearance; and in their abundance of glass, including some spherules. As
in the case of sediment from the Apollo 11 cores; dissection of the Apollo 12 cores pro-
duced weakly coherent ephemeral structures ranging from fine subrounded crumblike
units 1 to 2 millimeters in diameter to subangular blocky or occasional angular units
with maximum dimensions of 5 millimeters. The coherence throughout most of the
sediment was sufficiently adequate to permit careful dissection of small 1-centimeter-
high vertical faces before slumping occurred.

All cores opened were broken by fine fracture planes, usually transverse to the
core tube. Where such fractures coincide with changes in the character of the sedi-
ment, they are interpreted as bedding planes. Other more complex fracture zones not
coinciding with morphological changes may be shear fractures produced when the drive
tubes were rotated as the samples were collected.

The core collected on the first EVA is 19. 3 centimeters long and is uniformly
medium to dark gray. The stratification is shown clearly in the abrupt change in the
abundance of rock fragments and glass particles larger than 1 millimeter below a
transverse fracture at a depth of 5.9 centimeters. This stratification also is reflected
by changes in the mean grain size with depth (fig. A-21). Because of the coherence of
the fine particles, reliable mechanical analyses below 0. 062 to 0. 031 millimeter could
not be obtained. Coarse material larger than 2. 00 millimeters could not be analyzed
because of the limited sample size.

The three mechanical analyses (fig. A-21) of the first core are similar to those
of the Apollo 11 cores. The slope of the cumulative curves, and thus the sorting, 1s
very similar for all three samples; however, successively deeper samples are pro-
gressively coarser. The median grain size changes from 0. 062 millimeter for the
surface sample to 0. 074 millimeter for the middle sample and 0.11 millimeter for the
deepest sample.

Stratification and morphological changes are most evident in the double-tube core
sample collected at Halo Crater. The entire lower tube (32 centimeters) and 9. 3 cen-
timeters of the upper tube were filled with sediment. At least 10 layers or horizons
have been recognized. The most distinctive of these units is a coarse layer of angular
rock fragments, minerals, and glass that is comprised mostly of olivine grains and
olivine-rich gabbros. The fourth mechanical analysis (fig. A-21) is of this coarse
layer. The slope of the cumulative grain-size curve, and thus the sorting, is similar
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to the fines material but displaces markedly towards the coarse end of the graph.
Extrapolating to the 50 percentile, the median grain size is approximately
4.9 millimeters.

97
95 -

90 +

Cumulative weight , percent

/ 1.2, and 3 - First core tube

19 4 ~ Goarse layer of
doublie core tube

b} 1 L 1 L -

.1
2000 1000 300 250 125 62.5 31.2

Diameler , «

Figure A-21. - Mechanical analyses of first
core tube and of coarse layer of double
core tube.

The sharp contact with the fines material above and below the coarse layer and
the lack of fines and the log-normal distribution of the coarse layer suggest that the
layer is of primary-impact origin. The gradual increase in grain size with depth shown
by the three analyses from the first core also suggests that the grain size of the debris
has decreased because of reworking, probably by successive impacts.

Other units found in the deep core include a fine-textured zone of lighter medium-
gray material, a zZone of mixed incoherent light- and medium-gray sediments, and, at
the base of the core, a layer of much lighter gray material. This lowermost layer is
similar in appearance to sample 12033.

Both the coarse layer and a medium-gray 2-centimeter-thick layer (collected
just below the surface at the Halo Crater site) have a friable consistency unlike any
Apollo 11 core materials. Coarse particles larger than 1 millimeter in both layers
may be strongly bonded aggregates that are indigenous to the layers rather than ad-
mixed fragments.

The first division of the Apollo 12 core tubes is shown in table A-I. Core-tube
samples 12028 and 12026 are shown in figure A-22; core-tube samples 12025 and 12028
are shown in figure A-23. An X-ray radiograph of core-tube sample 12027 is shown in
figure A-24.
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TABLE A-IL - FIRST DIVISION OF CORE-TUBE SAMPLES

Sample Weight, Depth below Sample Weight, Depth below
number g surface, cm number g surface, cm
12025-14 1.19 0to0.4 12028-29 2.25 25.4 to 26.1
12025-13 1.83 .4t01.2 12028-30 2.50 26.1to0 26.9
12025-12 1.38 1.2t0 1.7 12028-31 2.56 26.9to 27.8
12025-11 2.28 1.71t0 2.5 12028-32 3.22 27.8 to 28. 8
12025-10 2.16 2.5t03.3 12028-33 3.00 28.8 to 30.0
12025-9 2.72 3.3t04.0 12028-34 1. 87 30.0 to 30.6
12025-8 2.62 4toh 12028-35 1. 16 30.6 to 31.2
12025-17 2,66 5tob 12028-36 2.95 31.2 t0 32.2
12025-6 3.02 6to7 12028-37 2.86 32.2 t0 33.2
12025-5 2.49 Tto8 12028-38 2.45 33.2 to 34.2
12025-4 2.54 8to9 12028-39 2,82 34.2 to 35.2
12025-3 .70 9.01t09.4 12028-40 2,21 35.2 to 36.2
12028-11 1. 37 9.41t011.0 12028-41 1.51 36.2 to 36.7
12028-12 - 1.53 11 to 12. 0 12028-42 1.0 36.7 to 37.2
12028-13 2.29 12.0t0 12. 8 12028-43 2.44 37.2 to 38.2
12028-14 1.20 12.8 to 13.2 12028-44 2.84 38.2 to 39.2
12028-16 3.27 13.2 to 14. 4 12028-45 1.0 39.2 to 39.8
12028-17 3.09 14.4 to 15.4 12028-46 1.82 39.8 to 40.0
12028-18 2.42 15.4 to 16.4 12028-6 . 009 16.2
12028-19 2.74 16.4 to 17. 4 12028-7 .019 18.2
12028-20 2.49 17.4 to 18.4 12028-8 . 049 14.4
12028-21 2.41 i8.4 to 18.9 12028-10 . 029 13.4
12028-22 1.68 i8.9 10 19. 7 12028-2 . 170 11.0
12028-23 3.04 18.7 t0 20. 8 12028-3 . 149 16.8
12028-24 2.86 20.8 10 21.8 12028-4 . 118 22.0
12028-25 2.18 21.8 to 22.5 12028-5 . 170 33.6
12028-26 2.87 22.5 t0 23.5 12028-15 .13 13.3
12028-217 2.63 23.5 to 24.5 12025-1 .12 8.0
12028-28 2.38 24.5 to 25.4 12025 -2 .11 1.9
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Figure A-22. - Core-tube samples 12028 and 12026.
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[ Medium dark gray (N3) to dark olive {(5Y3/1); } x

Medium gray (N5) crustlike layer, friable; <
some strongly bonded aggregates

Medium gray (N3) to dark olive (5Y3/1);

loose; forms crumblike very weak units
ot dissection to 1 to 2 mm diameter; oI
inciudes occasional coarse particles >1 mm .
one pebble 1.2 cm diameter. Relationship
to unit below unciear; may be continuous

weak crumblike or subangular blocky units

Color as above; loose; forms slightly larger
¥n
than layer above; lower boundary irregular

Coarse-grained olive (10Y3/1) crystlike layer
of glass, olivine crystals; weakly bonded gabbro
fragments; abrupt lower boundary

had
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o
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loose; forms very weak subangular units on v
dissection; not mixed with layer above

Distinctly lighter medium gray (N3); loose;

includes mixed subangular and angular g

incoherent masses of light and dark fine-
grained material to 5 mm across

Medium gray (N3 to N4) to dark olive (5Y3/1); }
£

Medium gray (N3 to N4) to dark olive
(5Y3/1) loose; includes scattered
particles of glass, spherules, anc
rock fragments coarser than 1 mm;

on dissection, forms weakly coherent
units of crumblike to subangular
blocky or angular shape with maximum » T
dimension of 5 mm. Maintains vertical
faces 1 cm high; becomes slightly
lighter in cotor towards base; boundary
marked by concentration of coarse
particles

Tentative subdivisions based on subtle changes
in color, texture, and consistency

Medium gray (N3 to N4) as ahove, but coarser;
contains greater percent of >1-mm particles; I
some white weakly coherent fragments; fower

boundary abrupt

Medium to light gray (N5) loose; contains many
coarse particles of glass and rock 1 to 7 mm 1
maximum diameter; base not determined

Figure A-23.- Core-tube samples 12025 and 12028,
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Figure A-24. - X-ray radiograph of
sample 12027 illustrating some
of the internal structure.
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SAMPLE 12030

SAMPLE NO. 12030 80.9 GH. WARNER

FIELD SAMPLE NG. 1-0

SAMPLE CONSISTS OF FINES PLUS A FEW CHIPS.

ONE CHIP ITSELF CONSISTS OF MICROBRECCIA FRAGHENTS. EACH 1-2 CM.

THESE CHIPS ARE CEMENTED TOGETHER BY BEING STUCK IN A THICK GLASS LAYER

SAMPLE NO. 12030 WEIGHT 80.8 G ¢+ BAG). 1 D FINES. HE IKEN

WELDED GLASSY SPUTTER. EXTREMELY IRREGULAR CLUMPS WHIELH ARE WELDED TO THE
SURFACE OF A HIGHLY SHATTERED FINE GRAINED BRECCIA. COLOR IS A DARK BROWNISH
BLACK. GLASS COATING 1S ALMOST 1 CM THICK IN SGME PLACES. HOLDING THE
SHATTERED BRECCIA TOGETHER ARE HIGHLY VESICULAR. WITH VESICLES FROM .1 TO 1 MM
IN DIAMETER. MANY VESICLES ARE BROKEN OPEN TO THE SURFACE. 1T APPEARS TO HAVE
BEEN THROWN ONTG AN EXTREHELY IRREGULAR SURFACE. IN THAT IT FILLS DEEP CRACKS

COVERS PROTRUDANCES. 1T APPEARS THAT THE CONTACT BETWEEN THE GLASS AND
BRECCIA 1S SHARP WITH NG OGBVIOUS THERMAL EFFECTS. DEEPER INTO SOME CRACKS.
EXPOSED TO EDGES ARE SHMALL OVOID DROPLETS GF GLASS ADHERING TO THE SURFACE.
WHERE CRACKED GPEN, THE INTERIOR OF THE GLASS COATING IS HIGHLY VESICULAR, WITH
AVERAGE VESICLE SIZE INCREASING FROM BASE TO SURFALEL, SOME OF THE EXTREMELY
SMO0TH. GLASSY SURFACE IS MARKED BY IMPACT PITS. 0.1 MM IN DIAMETER.
EXTREMELY SMALL CRACKS EXTEND OUT FROM PIT CENTERS.

BRECCIA. MEDIUM LIGHT GRAY. CONSISTS OF A FEW HOLOCRYSTALLINE ROCK FRAGMENTS
PLUS SOME BLACK GLASSY FRAGMENTS IN A MATRIX OF VERY FINE GRAINED OLIVINE.
PYRGXENE AND CRYSTALS AND GLASSY GRAINS. THE ROCK I$ TIGHTLY COMPACTED DOES
NOT CRUMPLE EASILY. A FEW GLASS SPHERES SCATTERED THROUGH ROCK.

FRAGMENTS UP TO 4 CM LONG.
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NASA-S-69-23385

NASA-S-69-23384

Figure A-25. - Sample 12030.
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SAMPLE 12031

SAMPLE NO. 12031 WEIGHT 1856 DIHENSIONS 5.5 X 5 X 5 CM HE IKEN

BLOCKY. EQUANT SUBANGULAR ROCK. BROWNISH GRAY. COARSE GRAINED HOLOCRYSTALLINE
TEXTURE. OISTINCT ORIENTATION OF FELDSPAR LATHS. POSSIBLY FLOW STRUCTURE SMALL
IRREGULAR FRACTURE WHERE PIECES ARE ABQUT TO SPALL OFF ON BOTTOM SIDE., THERE
15 A SMALL SYSTEM OF AXIALITIC STRUCTURE CONSISTING OF ABUNDANT FELDSPAR AND
PYROXENE QUITE DIFFERENT FROM ORIENTATION ON TOP. NO VESICLES OR YUGS. A FEW
TINY SURFACE PITS. LINED ¥WITH BLACK GLASS LESS THAN 172 MM IN DIAMETER., ANY
SURFACE FEATURES THAT MAY HAVE BEEN PRESENT HAVE PROBABLY CRUMBLED OFF IN
TRANSIT. ONE YUG APPROXIMATELY | MM WIDE SLIGHTLY OFF CENTERED ACRGSS THE ROCK
LINED wWITH GGGD FELDSPAR AND PYROXENE CRYSTALS GROWING PARALLEL TO THE WALL.
THE ORIENTED FELDSPAR CRYSTALS INTERSECT THIS VUG AT APPROXIMATELY 30 DEGREES.
FELDSPAR. MILKY WHITE LATHS UP TO 12 MM LONG. THEY ARE PRETTY BADLY SHATTERED.
MANY INCLUSIONS OF THE DARK MINERAL INTO THE FELDSPAR APPROXIMATELY 65 PERCENT
OF RCCK.

PYROXENE. REDDISH BROWN. AN TO SUBHEORAL CRYSTALS. ELONGATE AND ENCLOSE
OLIVINE CORES UP TO 8 MM LONG AND 12 MM WIDE. APPROXIMATELY 15 PERCENT OF ROCK.
APPROXIMATELY 1 MM DIAMETER GCCUR IN CLUSTERS ALWAYS ASSOCIATED WITH PYROXENE,
OLIVINE 10 PERCENT. ANHEDRAL CRYSTALS MOSTLY EQUANT. SOME ELGNGATE. EQUANT
ILMENITE 10 PERCENT. BLAOE LIKE CRYSTALS UP TQ 3 MM LONG. SOME CONCAVE

OF ILMENITE CLOSE TO VUGS, ALSO SGME HELD AS INCLUSIONS IN FELDSPAR.

COARSE GRAINED DIABASE.

SAMPLE NG. 12031 WEIGHT 185.0 DIMENSIONS 5 X 5 X 4.5 BAG 3 D CHAD
HOLOCRYSTALLINE., SPECKLED GRAY. COARSE GRAINED CRYSTALLINE ROCK. RQUGHLY CUBIC
SHAPED. GLASS LINED PIT SURROUNDED BY MILKY WHITE HALO. PROBABLY CRUSHED
FELDSPAR OCCUR ON SURFACE WITH PATCHES OF DUST. (PI1TS ARE APPROXIMATELY .7 MMJ.
TEXTURE. SLIGHTLY VUGGY. VUGS APPROXIMATELY .7 MM DIAMETER. WIDELY STATTERED.
TEXTURE [S CHARACTERIZED BY LONG RADIATING CRYSTALS PRINCIPALLY PYROXENE ¥ITH
MIXTURES OF FELDSPAR AND PYROXENE FILLING THE [NTERSTICES BETWEEN LONG BLADED
CRYSTALS OPHYTIC.
APPROXIMATELY 35 PERCENT MINERAL PIGEONITIC CLINOPYROXENE. OCCURS AS ZONED
LONG PRISMATIC CRYSTALS AS MUCH AS 2.5 CM LONG AND 1.5 MM WIDE, PRISMS, THESE
PRISMS CONSIST GF A CORE GF WHITE PLAGIOCLASE FELDSPAR WITH RIM OF GREEN YELLOW
PIGEGNITE WHICH IS BORDERED BY DARK CINNAMON AUGITIC CLINOPYROXENE. THESE
PRISMS SHOW DISTINCT PARTING AT STEEP ANGLES 70 THE ELONGATION.
THE INTERSTICIAL MINS CONSIST OF CLEAR TO WHITE PLAGIGCLASE (30 PERCENT) WITH
VITREOUS LUSTER. INTERGROWN WITH CINNAMON BROWN AUGITE CLINOPYROXENE
APPROXIMATELY 20 PERCENT,
ILMENITE OCCURS AS BLACK GRAINS APPROXIMATELY .7 MM ACROSS WITH VERY METALLIC
LUSTER. ASSOCIATED WITH INTERSTICIAL FELDSPAR AND CLINOPYROXENE USUALLY
IN PLATY HABITS APPROXIMATELY 10 PERCENT.
MODAL COMPGSITION SHOULD BE ESTIMATED AND CHECKED BY T.5.
LIGHT BUFF COLORED FINE GRAIN MINERAL ¥HICH COULD BE TRIDYMITE.
SOME EQUIGRANULAR YELLOW GRAINS SHOULD BE CHECKED FOR GLIVINE WITH A T.S.
FRACTURE. SEVERAL IRREGULAR COARSE FRACTURES CUT THRU THE ROCK GIVING 1T A
FRIABLE APPEARANCE.
SHACK. EXCEPT LOCALLY ON THE SURFACE WHERE MILKY WHITE PATCHES OF CRUSHED
FELDSPAR OCCUR THERE 1S WEAK MEGASCOPIC EVIDENCE OF SHOCK PRESENT BY THE FINE
FRACTURING OF MOGST OF THE MINS PRESENT.
CAN BE REFERRED TO AS A GABBRO WITH CHARACTERISTIC BLADED AND FEATHERY COARSE
PIGEONITIC CLINOPYROXENE.
COLOR. SPECKLED LIGHT GRAY WITH A BROWNISH GREENISH CAST.
TEXTURE - VERY VUGGY HOLOCRYSTALLINE GRANULAR ROCK

COALESCED VUGS AS MUCH AS i CH IN DIAMETER.
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Figure A-26. - Sample 12031
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SAMPLE 12032

SAMPLE NO. 12032 WEIGHT 310.59 G (+ BAG]. FINES. 4 D, HEIKEN
MEBIUM DARK GRAY. POORLY SORTED. MOSTLY SANDY SILT SIZE MATERIAL. SOME
ANGULAR FRAGMENTS UP TO 4 MM. LARGER FRAGMENTS INCLUDE FLAT PIECES OF GLASS
CVESICULAR3}. POSSIBLY SPATTER. FINE GRAINED MATERIAL INCLUDES GRAINS OF
OLIVINE, FELDSPAR. PYROXENE AND GLASS AND BRECCIA.

THE FOLLCWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
TOTAL CARBON ANALYSIS



SAMPLE 12033

SAMPLE NO. 12033 FINES S0 HE IKEN

FINE GRAINED MATERIAL. MEDIUM GRAY (NS}. MUCH LIGHTER THAN FINE GRAINED SOIL
FROM ELSEWHERE AT THE SURVEYOR SITE, GRAIN SIZE. PEB3BLE BEARING. SANO SILT.
THERE ARE A NUMBER OGF 1 MM TO 10 MM LONG ANGULAR AND SUBANGULAR ROCK FRAGMENTS
IN THE SOIL SAMPLE CIDENTIFICATION NOT MADE DUE TO DUST COVERING). MOST
FRAGMENTS APPEAR TO BE LESS THAN 0.05 MM IN DIAMETER. MODERATELY SORTED.
APPEAR TO BE MOSTLY SMALL FELDSPAR AND PYROXENE CRYSTALS WITH MINOR AMOUNT OF
GLASS. ARE SOME (LESS THAN 1 PERCENT) | MM DIAMETER OLIVINE CRYSTALS.

SEVERAL OF THE LARGER FRAGMENTS PULLED OUT. ARE TwISTED. PUMICEQOUS GLASS
FRAGMENTS, DARK BROWN GLASS.

SAMPLE NO. 12033 HEIKEN
A PINCH STUDIED IN A DROP OF 1.515 R.I. IMMERSION OIL. IS A BIMODAL DISTRI-
BUTION AT THIS SCALE. ANGULAR FRAGMENTS OF DIAMETER OF 0.17 MM. (20 PERCENT)
AND FRAGMENTS LESS THAN (.02 MM,
THE COARSER MODE CONSISTS OF SHARP. ANGULAR SHARD-LIKE PIECES OF DARK RED-BROWN
GLASS. THE GLASS CONTAINS MICROPHENOCRYSTS OF OLIVINE (QUESTION) AND MICRO-
LETES. EMPHAS1ZING SOME FLOW STRUCTURE.
THE FINER MODE CONSISTS OF ANGULAR., EUHEDRAL TO SUBHEDRAL CRYSTALS. 0.025 T0
0.002 MM IN DIAMETER., IT CONSISTS OF APPROXIMATELY.-

1. 75 PERCENT FELOSPAR

2. 15 PERCENT OLIVINE AND PYROXENE

3. 10 PERCENT DARK BROWN GLASS AND OPAQUES.
GLASS FRAGMENTS ARE SUBROUNDED TO ANGULAR (RGUNDED ONES REWORKED OR ERODED IN
AN ERUPTION CLOUD). ONE GLASS SPHERE WAS SEEN,
IS SIMILAR IN MANY RESPECTS TO HYALOCLASTIC GLASSES.
COARSEST FRACTICGN STUDIED EARLIER IN BIO PREP. CONSISTS OF 1 MM DIAMETER
OLIVINE CRYSTALS AND MANY TWISTED. PUMICEQOUS DARK BROWN GLASS FRAGMENTS,
CONTAIN ELONGATE., PIPE-LIKE VESICLES AND SHOW ABUNDANT FLOW FEATURES.
DUE TO LACK OF ROCK FRAGMENTS. SHOCKED CRYSTALS AND TQ THE PRESENCE OF PUMICEOUS
AND SHARD-L IKE FRAGMENTS OF BASALTIC GLASS. THE SAMPLE APPEARS TO BE A CRYSTAL-
VITRIC ASH OF VOLCANIC ORIGIN. THIS SAMPLE MAY BE THE SAME AS THE WHITE LAYER
IN THE BOTTOM OF THE CORE TAKEN AT HALO CRATER.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
TOTAL CARBON ANALYSIS
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SAMPLE 12034

SAMPLE 12034.0 ODOOCUMENTED SAMPLE 6 D DECEMBER 4. 1969 W. R. GREENWOOD
MEDIUM LIGHT GRAY MATRIX (A) OF FINE GRAINED MATERIAL INCLUDES CRYSTAL FRAG
MENTS AND FRAGMENTS OQF A NUMBER OF ROCK TYPES.

THERE IS A FAINT PREFERRED SHAPE ORIENTATION DEFINED BY THE ELONGATION QF TwO
LARGE ROCK INCLUSIOGNS (UNIT B AND C).

MATRIX CA) INCLUDES CRYSTAL FRAGMENTS OF BLACK PYRCOXENE UP TQ 7 MM WHICH ARE
HIGHLY ANGULAR. THE LARGER PYRCXENE CRYSTAL FRAGMENTS APPEAR TO HAVE A MUCH
PREFERRED SHAPE QRIENTATION PARALLEL TO THE ELOGNGATION OF UNITS (B) AND (CJ.
PYROXENE CRYSTALS COMPRISE 70 PERCENT OF THE CRYSTAL FRAGMENTS LARGER THAN .2
MM IN MATRIX (A). MILKY WHITE FELDSPAR MAKES UP THE REMAINING 30 PERCENT.

IN THE SMALLER SIZES LESS THAN .2 MM FELDSPAR APPEARS 70 MAKE UP A LARGER
PERCENTAGE OF THE CRYSTAL FRAGMENTS. ABOUT 10 PERCENT OF THE ROCK 1S MADE UP
OF ROCK FRAGMENTS. ABOUT 20 PERCENT OF THE ROCK IS CRYSTAL FRAGMENTS GREATER
THAN .2 MM,

UNIT (B) 1S LIGHT GRAY WITH SHARP BUT SOMEWHAT SOFTENED BOUNDARIES WITH MATRIX
CA). UNIT (B) HAS SOMEWHAT [RREGULAR PANCAKE SHAPE. UNIT (B) APPEARS TO BE
COMPOSED OF WHITE FELDSPAR CRYSTAL FRAGMENTS LESS THAN .2 MM AND BLACK PYROXENE
CRYSTAL FRAGMENTS UP TO 2.0 MM [N SIZE. THE PYROXENE CRYSTALS ARE ANGULAR.
UNIT (B) APPEARS TO BE A WELDED FRAGMENTAL ROCK. THERE [S SUGGESTION OF
ELONGATION OF PLAGIOCLASE SHARDS NEAR AND PARALLEL 70 THE ELONGATE SIDE GF
UNIT (B2, UNIT (8) IS LOCATED AT ONE EDGE OF THE FRESH FACE OF THE ROCK

AND IS 30 MM X 8 MM IN SECTIONS. WITH A FLATTENED PYRAMID SHAPE WITH ROUNDED
CORNERS AND SOMEWHAT [RREGULAR BOUNDARIES . ¥HISPS OF THE SAME UNIT ARE FOUND
NEAR AND PARALLEL TO UNIT (B) IN MATRIX (AJ.

UNIT (C3 IS SLIGHTLY LIGHTER GRAY THAN MATRIX (A) BUT CONSIDERABLY DARKER THAN
UNIT (B}. UNIT (C) IS COMPOSED OF CRYSTAL FRAGMENTS (ABOUT 40 PERCENT) AND A
MEDIUM GRAY MATRIX. THERE IS A IRREGULAR SHARP BOUNDARY BETWEEN UNIT (C) AND
THE MATRIX C(A). UNIT (C) IS LOCATED NEAR THE MIDDLE OF THE FRESH FACE. ONE
FRAGHMENT IS ABOUT 20 MM X 7 MM IN SECTIONS. A SMALLER FRAGMENT IS 10 MM X S5 MM
ON THE SAME PLANE AS FRAGMENT (1). THESE TW(0 FRAGMENTS ARE SEPARATED BY A
NARRGOY (6 MM SIDE OF MATRIX (A).

UNIT €CJ) CRYSTAL FRAGMENTS ARE WHITE PLAGIOCLASE UP TO 1 MM. 80 PERCENT OF
TOTAL FRAGMENTS. 10 PERCENT OF THE FRAGMENTS ARE BLACK PYROAXENE UP TO | MM.
UNIT {C) MAY BE A SHOCKED AND PARTIALLY MELTED ROCK ON AN OLDER BRECCIA.
AODITIONAL SMALLER FRAGMENTS OF UNIT (C) ARE LOCATED NEAR THE LAYER FRAGMENTS.
THERE ARE TWGO INTERSECTING FRACTURE SETS. ORIENTATION OF THE INCLUDED ROCK
FRAGMENTS. THE FRACTURES ARE CLOSELY SPACED AND LOCALLY PRGDUCE A STRONG
CLEAVAGE . THE FRACTURE SETS IMTERSECT AT ABQUT 40 DEGREES.

ONE OF THE FRACTURE PLANES IS PARALLEL OR NEARLY SO TQ THE PREFERRED ORIENTATION
OF INCLUDED ROCK FRAGMENTS IN THE ROCK.

THE ROCK IS NOT FRIABLE OR FRAGILE. NO GLASS BALLS OR FRAGMENTS WERE SEEN
MEGASCOPICALLY. THE ROCK IS NOT MEGASCOPICALLY VESICULAR. ONE OF THE

BROKEN FACES HAS A DARK LINEATED SURFACE THAT MAY BE A RELIC OF A SLICKENSIDED
SURFACE.

SOME OLIYINE CRYSTALS LESS THAN S PERCENT OF TOTAL CRYSTAL FRAGMENTS IN
MATRIX CA). ONE VERY SMALL FRAGHMENT APPROXIMATELY 1 MM DIAMETER [S

COMPOSED OF BLACK GLASS. SHATTERED OLIVINE. AND MILKY TO VITREQUS GLASS PLAGIO-
CLASE. THE FRAGMENT APPEARS T BE PARTIALLY SHOCK MELTED.

UNIT (B) HAS A STREAMED OUT END BY FLOGWING AND IN MATRIX IS A LINE PARALLEL

T8O THE BOUNDARY PRODUCED BY FLOWING. THERE IS PARTING PARALLEL TO THIS FLOW.
IN UNIT (B). ONE OF THE SHATTERED FELDSPAR HAS A CORE OF TRANLUSCENT PLAGIOCLASE
NO VITREQUS MATRIX WAS SEEN IN MATRIX C(A) AT HIGHEST MAG APPROXIMATELY 100X.
THE ROUNDED SIDE OF THE ROCK APPEARS TG HAVE A SUBVITREOUS SKIN OF ABOUT | T
3 MM THICK (MEDIUM DARK GRAY) VESICULAR PARTIALLY CRYSTALLINE GLASS. THE
GLASSY MATERIAL HAS A COATING OF LIGHT GRAY SOIL WHICH APPEARS BONDED ON. WHEN
THIS SAMPLE WAS FIRST RETURNED THE COATING ¥WAS ABCUT 1| TGO 3 MM THICK. NOW
ABOUT 1/2 TGO 1| MM OF DUST COATS THIS SIDE. IT IS VERY DIFFICULT TO REMOVE.
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NASA-S-69-60934

NASA-5-69-60945 NASA-5-65-60943

Figure A-27.- Sample 12034.
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QUST 1S MORE EASILY REMOVED FROM THE FRESH BROKEN SIDES. THE GLASS COATING
FOLLOWS THE ROUNDED TOPOGRAPHY OF THE ROCK EXTENDING DOWN INTO FRACTURES.
VESICLES IN THE GLASS ARE ELONGATED PARALLEL TO THE SURFACE OF THE ROCK. AFTER
FORMATION OF THIS ROCK BY WELDING OR SOME OTHER PROCESS [T WAS BLASTED TO THE
SURFACE (DEVELOPING THE CLEAVAGES). ON THE SURFACE THE ROCK WAS ROUNDED. SUB
SEQUENTLY IT WAS PARTIALLY COATED WITH MOLTEN ROCK MATERIAL . THE ROCK WAS

SUBSEQUENTLY BROKEN AND DEPOSITED AT THAT TIME OR LATER IN THE LIGHT GRAY DuST
LAYER.

SAMPLE NO. 12034 CHIP 1.5 X 0.75 X 0.5 CM ROBIN BRETT
BRECCIA. LIGHT GRAY I[N COLOR COMPARED TO ALL APOLLO 11 BRECCIAS. GRAIN S1ZE
OF FINE MATRIX ABGUT 0.1 MM, ROCK CONSISTS OF 25 PERCENT FRAGMENTS UP TO 1 MM.
SHAPE BF ROCK NO CONSEQUENCE AS IT IS A CHIP WITH NO OUTSIDE SURFACE. A FEY
SMALL FRACTURES PRESENT. CLASSED IN ORDER OF ABUNDANCE ARE.
{. DARK ANGULAR GLASS FRAGMENTS SHOWING RARE CLASTS TO 0.2 MM OF GLASS
OF DIFFERENT COMPOSITION. SHOCKED FELDSPAR. PYROXENE. RARE VESICLES IN GLASS.
2. SHOCKED ANGULAR TO SUBROUNDED PLAGIOCLASE GRAINS FROM MILKY WHITE T0
VITREOUS.
3. BUFF TO CINNAMON BROWN ANGULAR PYROXENE GRAINS.
4. GREEN ANGULAR OLIVINE GRAINS, NO SPHERULES EVIDENT.
GRAIN MOUNT OF MATRIX SHOWS FOLLOWING ANGULAR GRAINS (IN ORDER GF ABUNDANCE)

i. PLAGIGCLASE. MOSTLY LIGHTLY SHOCKED UP TO THE THETAMORPHIC. SOME
POLYSYNTHETIC TWINS.

2. PYROXENE . MAINLY SHOCKED.

3. ANGULAR OPAQUE GLASS FRAGMENTS.

4. ANGULAR [LMENITE.
HIGH PLAGIOCLASE CONTENT EXPLAINS LIGHT GRAY COLOR.
ROCK NAME. MICROBRECCIA.

THE FOLLOWING EXPERIMENT WAS CONQUCTED ON THIS SAMPLE
A=A CHEMICAL ANALYSIS
E-SPEC ANALYSIS

RARE GAS ANALYSIS
TOTAL CARBON ANALYSIS
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SAMPLE 12035

SAMPLE NO. 12035 ODIMENSIONS S5 X 4 X 1.5 CM WONES i

SHAPE, TRIAXIAL ELLIPSQOIO. NOW FRAGMENTED INTO 5 LARGE PIECES AND FINES.
SIZE OF FRAGMENTS. 1.5 X 2 4, 2 X 1.5%X 3. 1.5X 1.5%X 1.5, 2 X2X 1,
1X1XG0.5CH,

COLOR. LIGHT OLIVE GRAY.

TEXTURE. COARSE. CUMULAR. HYPIOIOMORPHIC.

FABRIC. VUGGY. VUGS ARE [RREGULAR 4 MM OR MORE. NO ORIENTATION OR CLUSTERS.
FRACTURES ARE THRU GOING AND ABUNDANT. THE ROCK IS FRIABLE. NO OBSERVED
ORIENTATION OF FRACTURES. SURFACE TEXTURES ALL APPEAR TO BE FRESH FRACTURED
SURFACES,

OLIVINE 40 PERCENT EUHEDRAL. EQUANT, APPROXIMATELY 1 MM MEAN DIAMETER.
CLEAR. GREEN, CONTAIN OPAQUE INCLUSIONS.

PLAGIOCLASE 45 PERCENT GLASSY. TWINNED. PRISMATIC, INTERSTITIAL WITH
OLIVINE INTERGROWN WITH PYROXENE APPROXIMATELY 1 MM MEAN SIZE 2 TO | RATIO
AVERAGE 1 X 1/2 MM,

PYROXENE 1S PERCENT PRISMATIC MAXIMUM 2.0 MM MOST .3 MM LONG, EQUANT EXCEPT
IN VUGS ASICULAR IN RATIO OF S TO 1. HONEY BROWN COLOR,

OPAQUES LESS THAN | PERCENT. BLADED. LUSTROUS. TEND T8 CONC. AROUND
YUGS. BUT ARE PRESENT AS INCLUSICGNS IN OLIVINE.

OLIVINE IS PRESENT IN VUGS. SEQUENCE QF CRYSTALLIZATION IS OPAQUES. OLIVINE,
PLAGIOCLASE. PYROGXENE ALL PERSIST IN TERMINAL CRYSTALLIZATION. NO ALTERATION
OBSERVED.

ROCK NAME TROCTOLITE

NASA-S-69-61249 NASA-S-T70-44328

Figure A-28. - Sample 12035.
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SAMPLE 12036

SAMPLE NO. 12036 WEIGHT 75 G DIMENSIONS 6 X 3.5 X 2.3 CM CHAQ

FROM BAG 8 D.

MINERALOGY. THIS ROCK CONSISTS OF ABUNDANT GRAYISH YELLOW EUHEDRAL TO GRANULAR
CRYSTALS OF OLIVINE IN A MATRIX OF INTERGROWN FELDSPAR AND BROWN PYROXENE AND
SOME GCTAHEDRAL SPINEL.

f. OLIVINE. 40 PERCENT. FORMS EUHEDRAL CRYSTALS UP TO 2 TO 2 MM ACRGSS
WITH WELL DEVELCOPED CRYSTALLINE FACES PARTICULARLY THOSE IN THE VUGS. THESE
CRYSTALS USUALLY CONTAIN DARK BLACK REFLECTING CRYSTALS SOME OF WHICH SHOW
OCTAHEDRAL HABIT. SPINEL. FROM CHRGMITE OR MAGNETITE.

2. PLAGIOCLASE FELDSPAR. 40 PERCENT. OCCURS AS GRANULAR IRREGULAR
PATCHES. CLOSELY INTERGROWN WITH GLIVINE AND BROWN PYROXENE UP TO 2.5 HM
AVERAGING APPROXIMATELY 1.0 MM,

3. CINNAMON BROWN CLINOPYROXENE. 15 PERCENT. PROBALBY PIGEONITIC. FORMS
STUBBY PRISMATIC CRYSTALS NEAR VUGS OR LARGE CRYSTALS THAT ARE POIKILITIC,
SUGGESTING LATE CRYSTALIZATION. ALSC OCCURS AS FINE GRAINS INTERGROWN WITH
FELDSPARS.

4. OPAQUE MINERALS APPROXIMATELY S PERCENT. SOME DARK MINERALS WITH
METALLIC LUSTER, USUALLY FINE GRAINED (LESS THAN | MM) MAY BE ILMENITE (VERY
SMALL AMOUNT) WIDE SPREAD ARE SMALL GRAINS OF EQUIGRANULAR OPAQUE., WHICH ARE
PROBABLY SAME AS OCTAHEDRAL CRYSTALS AS OF SPINEL GRAINED GRQUP.

SHOCK. NO MEGASCOPIC CLEAR EVIDENCE OF SHOCK.
ROCK NAME. A GABBRO GR A PIGEONITIC TROCTOLITE.

SAMPLE NO. 12036 WEIGHT 75 G DIMENSIONS & X 3.5 X 3.5 HE IKEN
ELONGATE., YERY IRREGULAR SHAPE. SUBANGULAR. MEDIUM GRAINED HOLOCRYSTALLINE
ROCK. EXTREMELY VUGGY. VUGS MAKE UP APPROXIMATELY 1S PERCENT OF VOLUME OF
ROCK. VERY CRUDE ORIENTATION OF YUGS PARALLEL TO LONG AXIS OF ROCK. NEAR
EDGES., VUGS ARE FROM 0.5 TO 4.0 MM IN DIAMETER ., SOME FRACTURES EXTENDING

QUT FROM VUGS. ON OTHER SIDE IS ONE GOOD FLAT SURFACE (FRACTURED) AND HAS DUST
ADHERING 70 IT. NG VISIBLE PITS OR SPLASHES.

CLEAR GREENISH YELLOW OLIVINE SUB TO EUHEDRAL CRYSTALS 1t TC 3 MM DIAMETER.
APPROXIMATELY 40 PERCENT.

FELDOSPAR SUB TO EUHEDRAL CRYSTALS FROM 0.5 TO 2.0 MM LONG. MOST ARE COLORLESS
EXCELLENT TWINNING APPROXIMATELY 25 PERCENT.

PYROXENE. REDDISH BROWN TO DARK REDDISH S8ROWN APPROXIMATELY 25 PERCENT. .
FROM 2 TO 5 MM SUBHEDRAL CRYSTALS PRISMATIC CRYSTALS. BLADED ILMENITE CRYSTALS
UP TO 3 MM LLONG 10 PERCENT. I[N VUGS CRYSTALS ARE EXCELLENT WITH GOOD CRYSTAL
FACES.
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NASA-S-69-61588 NASA-5-69-61594

NASA-S-69-62325 NASA-5-69-62329
Figure A-29.- Sample 12036.
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SAMPLE 12037

SAMPLE NO. 12037 WEIGHT 145.0 GRAMS 8 D FINES HEIKEN .
DARK GRAY. VERY POORLY SORTED. A GRANULE SANG'Y SILT SIZED MATERIAL. MOST
GRANULES CONSIST OF .

1. SUBANGULAR FRAGMENTS OF COMPRESSED MATERIAL. THESE BLASTA ARE UP TO
8 MM LONG.

2. SUBANGULAR FRAGMENTS OF MEDIUM GRAINED HOLOCRYSTALLINE GABBROS UP TO
4 MM DIAMETER. SOME § MM GRAINS OF COLIVINE.

3. FINE GRAINED MATERIAL CONSISTS OF FELDSPAR. PYROXENE AND POSSIBLY
GLASS.
THE MATERIAL CLUMPS QUITE EASILY AND CLINGS TO S.S. SURFACES.
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SAMPLE 12038

SAMPLE NO. 12038 DIMENSIGNS 12.5 X 7.5 X 5.5 WEIGHT 746 GM  LINDSAY

THE UPPER SURFACE ¥AS HORIZONTAL WHICH MEANS THE LONG AXIS WAS DIPPING APPROXI-
MATELY S DEGREES. SUBANGULAR. ROUGHLY TRIANGULAR. BURNED WITH APEX DOWNWARD
ROUGHLY ONLY 2 CM OF RGCK WAS ABOVE SURFACE. ROCK IS BELOW SURFACE NS

MEDIUM GRAY. ABGVE N4 MEDIUM DARK GREY. VUGS. MORE NUMERCGUS ON LUNA BOTTOM,
FINE TO MEDIUM GRAINED RGCK. EQUIGRANULAR. NOTHING APPARENT CONCERNING LINEA-
TIONS. NO VESICLES BUT CRYSTAL LINED VUGS. HMOST ARE LINED WITH ACICULAR
CRYSTALS OF PYROXENE. SLAB LLIKE FRACTURES. ONE FRACTURE PARALLEL TO TABULAR
SURFACE. THE TOP 1S MORE ROUNDED AND WEATHERED WHILE THAT BELOW IS MORE ANGULAR
MEGIUM CRYSTALLINE ROCK - CRYSTALS ARE 0.4 7O 0.6 MM LCONG.

APPROXIMATE MCDES.

S0 PERCENT FELOSPAR

40 PERCENT PYROXENE

10 PERCENT OLIVINE

ILMENITE IN VUGS ASICULAR. $OME TABULAR FELDSPAR IN VUGS.

FELDSPAR ELONGATED ACICULAR OR TABUL AR. PYROXENE AND OLIVENE ARE CGQUANT
EXCEPT IN VUGS WHERE PYRCXENE S ACICULAR i

SAMPLE NO. 120638.2 - THIN SECTION

MODE
PLAGIOCLASE 40 C/0
PYROXENE S0 0/0
OPAQUE S 0/0
CRISTOBALITE 5 0/0

THE FOLLOYING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
TOTAL CARBOGN ANALYSIS

NASA-8-69-62707 NASA-S-69-61542
Figure A-30. - Sample 12038.
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SAMPLE 12039

SAMPLE NO. 12033 DIMENSIONS 6.3 X 4.5 X 4 CH LINDSAY

SUBANGULAR TO SUBROUNDED. GRAY WITH MOD. PROP. OF LT MINS., EQUIGRANULAR TEX-
TURE. A FEW SMALL VUGS. UNFRACTURED. VERY FEW SURFACE PITS.

APPROXIMATE MODES. OLIVINE APPROXIMATELY 20 PERCENT

FELDSPAR APPROXIHATELY 60 PERCENT

PYROXENE 1S PERCENT

ILMENITE BLADES S PERCENT.

CLIVINE EQUANT UP TO t MM. FELDSPAR TABULAR RATIO S TO | UP TO 4 MM LENGTH.
PYROXENE FORMS AGGREGATES UP YO0 S MM ACROSS.

FINE GRAINED GABBROIC ROCK.

SAMPLE NO 120339 DIMENSIONS 6 X 7 X 4 CH MCRRISCN

ANGULAR TC SUBROUNDED CRYSTALLINE ROLK. DUSTY GRAY IN COLOR. EGQUIGRANULAR
TEXTURE. NG VESICLES BUT SOME VUGS, VUGS ARE FEW AND SCATTERED. ONE WELDED
FRACTURE PARALLEL TO GNE SIDE. NO GLASS SPLASHES. SOME GLASS LINED.
SURFACE PITS. BUT THEY ARE FEW. NORMAL SHAPE LESS THAN 1| MM. FEWER THAN 1/53 CH
APPROXIMATE MODES.

FELDSPAR 40 PERCENT

DARK BROWN PYROXENE AND LIGHT PYROXENE S0 PERCENT

OPAQUES S5 7O 10 PERCENT

NO OLIVINE.

TERRESTRIAL ANALOGUE. PYROXENE GABBRO.

SAMPLE NO. 120633 IN DOCUMENTED BAG t0-D CHAQ
OIMENSIONS ABOUT 6 X 7 X 4 CM  TRIANGULAR PYRAMIDAL SHAPE
GENERAL APPEARANCE - THIS IS A SPECKLED MEDIUM GRAY COARSE-GRAINED
PORPHYRITIC HOLOCRYSTALLINE ROCK. WITH A GREENISH. YELLOWISH BROWN TINGE.
TEXTURE AND GRAIN SIZE - DISTINCTLY PORPHYRITIC. VARIOLITIC (GUESTION)
GROUNDMASS. AND VUGGY. PHENQOCRYSTS GF CLINGPYROXENE 2 MM X ABOUT | CM.
GROUNDMASS AVERAGE ABQOUY 6.5 MM. UP TO 0.8 MM.
MINERALQOGY -

1. ZONED PHENOCRYSTS OF CLINOPYROXENE CONSISTING OF AN INNER GREENISH
YELLOW CORE OF PIGEONITIC PYROGXENE. RIMMED BY A THIN MARGINAL ZONE OQF PURPLISH
BROWN CALCIC AUGITE. ABOUT 10 PERCENT.

2. GROUNDMASS - ABOUT S0 PERCENT,

PLAGICCLASE 406 PERCENT

CL INCPYROXENE 30 PERCENT

OLIVINE 20 PERCENT
GRANULAR CLEAR TO WHITE PLAGIGCLASE AND PURPLISH BROWN SUBCALCIC AUGITIC
(QUESTION) CL INOPYROXENE.,

3. OLIVINE - THESE ARE GREENISH YELLOW CLEAR CRYSTALS WITHOUT BASAL
PARTING. CHECK THIN SECTION. SINCE THIS IS DIFFICULT TO DETERMINE MEGASCOPICALLY
THESE GREENISH YELLOW GRAINS ARE HOWEVER NOT ZONED. SICE 8Y SIDE THE OLIVINE IS
MORE GRAYISH IN COLOR. (SEE GROUNDMASS) LESS THAN S PERCENT.

4. OPAQUES -~ LARGELY IN SMALL SPECKS 0.1 MM ¥IDELY SCATTERED AND AS
INCLUSIONS. ABOUT ILMENITE GREATER THAN S PERCENT.

SHOCK - NO MEGASCOPIC EVIDENCE OF SHOCK.
REMARKS - THIS ROCK IS SIMILAR IN TEXTURE AS 12065, AND IS MEDIUM OR INTER-
MEDIATE IN GRAIN SIZE BETWEEN 12065 AND 12021,
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NASA-S-69-61477 NASA-S-69-61479

NASA-S-69-61486 NASA-S-69-61473

Figure A-31.- Sample 12039,
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SAMPLE 12040

SAMPLE NO. 12040 DIMENSIONS 6.5 X 5.5 X 6.5 LINDSAY

EQUANT SHAPE. LIGHT GRAY WITH SLIGHT GREENISH TINGE DUE TO GLIVINE. EQUI-
GRANULAR TEXTURE. NO VESICLES. BUT A NUMBER OF VUGS UP TO S MM IN WIDTH AND

i 1/2 CM LONG. WEAKLY ORIENTED. VUGS ARE LINED ¥WITH EUHEDRAL CRYSTALS MOSTLY
OLIVINE AND PYROXENE WITH A LITTLE FELDSPAR. APPROXIMATELY 6 FRACTURES RADIATE
FROM A PGINT., POSSIBLY A SHATTER CONE EFFECT. NO APPARENT SURFACE PITS.
APPROXIMATE MODES. OLIVINE 20 PERCENT

FELOSPAR 50 PERCENT

PYROXENE 30 PERCENT.

PYROXENE RIMS ON SOME OLIVINE CRYSTALS UP 10 S MM,

OLIVINE EQUANT 1 MM

PYROGXENE EUUANT 1.5 HM

SOME TABULAR PYROXENE

SAMPLE NO. 12040 DIMENSIONS 7 X 6.2 X 5.5 CH SUTTON

NEARLY EQUANT. ROUGHLY PYRAMIDAL » SUBANGULAR TO SUBRCUNDED WITH RELATIVELY
FLAT SIDES. MEDIUM GRAY N4 1/2. UNDER DIRECT CONE LIGHT APPEARS ONE CONE OF
OLIVINE. OF DUSTY YELLOWISH GREEN S5GY 5/2 MOTTLED IN WITH GRAY.

ONE FLAT SIDE SHOWS COARSE CRYSTALS WITH CONE OF OLIVINE WITH VUGS COINCIDENT
DEEPEST VUGS ARE APPROXIMATELY GREATER THAN 4 MM. GTHER SIDE IS MOST ROUNDED
AND IS COVERED WITH MOST DUST. FEW VUGS ARE SEEN. ALL LESS THAN 2 MM.

MOD. HIGH CONE OF VUGS. SEVERAL CREAMY SPLOTCHY AREAS. POSSIBLY FELDSPAR ON
ROADSIDE. ALL OCCUR IN ARE | 1/2 X 2 CM. CRYSTALL INE NATURE CAN BE SEEN THRU
SPLGTCHES. SEVERAL DEEP FRACTURES APPROXIMATELY i MM ACROSS TO 3 CM LONG.
FRACTURES AND VUGS ARE ALL LINED WITH CRYSTALS. 0O NOT APPEAR TO BE EXFOLIATION
FRACTURES. RELATE MORE TO INTERNAL YUG ARRANGEMENTS. TENDS TO BE SLIGHTLY
FRIABLE WITH CRYSTAL FRAGMENTS.

APPROXIMATE MODES. OLIVINE 35 PERCENT

PLAGIOCLASE 40 PERCENT

PYROXENE 25 PERCENT

OLIVINE YELLOWISH GREEN 1 TG 2 MM . VITREQUS LUSTER NEARLY EQUANT SUBHEDRAL.
SEVERAL AGGREATES UP TG 3 MM,

PLAGIBCLASE STUBBY TO LATH SHAPED HABIT LESS THAN |1 HHM T0 4 MM LONG. GENERAL
AREA IDEALLY LATH SHAPED.

PYROXENE REDCISH GRAYISH BROWN IN STUBBY AND SEMILATH CRYSTALS UP TO 4 MM LONG.
TERRESTRIAL ANALGGUE. OLIVINE GABBRO MEDIUM TO COARSE GRAINED.

SAMPLE NO. 12040 SMITH
CRYSTALLINE ROCK FRAGMENTS CONSISTING OF SMALL FRIABLE CHIPS AND CRYSTAL
GRAINS. THE LARGEST FRAGMENT WAS TAKEN FOR THIN SECTION. COLOR IS BROWNISH
GEEEN SPECKLED WITH WHITE. TEXTURE IS MICROGASBROIC WITH A TENDENCY TOWARDS
VUGG INESS.
ESTIMATED MODE IS.

OLIVINE 40 PERCENT

CLINOPYROXENE 30 PERCENT

PLAGIOCLASE 25 PERCENT

OPAQUES S PERCENT.
OLIVINE CRYSTALS AND CRYSTAL AGGREGATES UP TO 2.5 MM ARE POIKILITICALLY
ENCLOSED BY LARGER CINNAMON BROWN CLINOPYROXENE CRYSTALS.
PLAGIOCLASE CONTAINS ABUNDANT MULTIPHASE INCLUSIONS.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
A-A CHEMICAL ANALYSIS
E-SPEC ANALYSIS

TOTAL CARBON ANALYSIS
RARE GAS ANALYSIS
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NASA-5-69-60991 NASA-5-69-60995

NASA-S-69-61004 NASA-S-69-61008
Figure A-32. - Sample 12040.
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SAMPLE 12042

SAMPLE NO. 12042 V¥EIGHT 225.57 GRAMS (+BAG) HEIKEN

12 D FINES. DARK GRAY. MODERATELY SORTED. FINE SAND SI1ZED. A LOT COF
FELDSPAR GRAINS AND SOME OLIVINE AND SOME GLASS. NO FRAGMENTS GREATER THAN
0.2 MM VISIBLE IN THIS PARTICULAR SPLIT. E.

EXTREMELY COHESIVE. WHEN COMPACTED A VERTICAL WALL CUT INTC JT STANDS VERY

EASILY. WHEN TOSSED ABOUT LOOSELY IT TENDS TO CLUMP IN CLUMPS APPROXIMATELY
1.0 MM IN DIAMETER.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
TOTAL CARBON ANALYSIS
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SAMPLE 12043

SAMPLE NO. 12043.0 HE IKEN
SUBRGUNDED. GVOID ROCK. ONE END HAS ANGULAR FRESHLY FRACTURED SURFACE. BLUISH
GRAY. MEOIUM GRAINED HOLGCRYSTALLINE. VARIOLYTIC VESICULAR WITH SPHERICAL VESI-
CLES UP TO 2 MM IN DIAMETER. VESICLES ARE APPROXIMATELY 10 PERCENT OF VOLUME.
NG ORIENTATION OF VESICLES. ON ANGULAR SIDE ARE A NUMBER OF SMALL FRACTURES
PARALLEL TO SURFACE. A HALF MM WIDE IMPACT PIT EVERY 25 MM, 4 PITS LESS THAN
0.2 MM IN DIAMETER IN THE SAME AREA. THE PITS ARE LINED WITH VERY THIN. TRANS-
PARENT LAYER OF GLASS WITH A BUBBLY SURFACE. SOHE CRYSTALS CAN BE SEEN THROUGH
GLASS. MANY PIT LININGS ARE RAISED SLIGHTLY ABOVE THE ROCK. AS IF THE ROCK
ARGUND HAS BEEN ERODED AWAY. EACH HAS A 0.4 MM WIDE WHITE CORONA OF CRUSHED
MINERALS. ONE CORNER APPROXIMATELY 2 1/2 X 2 CM. IS COVERED WwiTH
IRREGULAR SPLASHES OF BLACK GLASS LESS THAN 0.1 MM THICK. CONTAINS SEVERAL
BLOBS OF GLASS WHICH HAVE BEEN WELDED TO SURFACE. ONE BLOB IS HIGHLY VESICULAR.
VESICLES BEING APPROXIMATELY .05 MM IN DIAMETER. MUCH OF THE THIN GLASSY SURFACE
1S IRREGULAR DUE TO BROKEN COALESCING VESICLES. SOME OF THIS GLASS IS ALSO
SLIGHTLY RAISED ABGOVE THE SURFACE OF THE ROCK. ONE LARGE VESICLE 1S PARTLY
COATED WITH GLASS SPLASH.

MINERAL NG. 1 MILKY WHITE FELOSPAR. EXHIBITS ALBITE TWINNING. CRYSTALS
VARY FROM 0.5 TO 2.0 MM LONG MGSTLY THIN LATHS 45 PERCENT.

MINERAL NO. 2 GROWING PARALLEL TO FELDSPAR ARE REDDISH BROWN PYROXENE
0.5 TO 2.0 MM LONG. APPROXIMATELY 40 PERCENT. ’

HINERAL NG. 3 EOUANT 1 MM DIAMETER GRAINS OF PALE GREEN OLIVINE. APPROXI-
MATELY S PERCENT,

MINERAL NO. 4 ANHEDRAL. EQUANT CRYSTALS OF ILMENITE USUALLY LESS THAN
| MM LONG. 10 PERCENT.
SOME VESICLES HAVE EUHEDRAL CRYSTALS OF PYROXENE AND FELDSPAR GROWING SUB-
PARALLEL TO WALLS. VARIOLYTIC DIABASE.

SAMPLE NO. 12043.0 DIMENSIONS 3.5 X 4.5 X 2.5 CM GREENWOOD

MEDIUM GRAY WITH LIGHT GRAY AROUND PITS. WELL ROUNDED. SOMEWHAT OF A

LEVER SHAPE THAT HAS BEEN BROXEN ON MOON. THE OLD SURFACE 1S PARTIALLY COATED
¥1TH BLACK GLASS SPLASHES. NEAR BLACK GLASS SPLASHES AND RELATED 1S A DULL BLACK
COATING THAT CHIPPED AWAY. THE GLASS COATING IS ON THE OLDEST SURFACE AND
FOLLOWS THE TOPOGRAPHY AROUND THE CORNER OF THE LENSE. THE OLD SURFACE 15

VERY DENSELY PITTED WITH IMPACT PITS HAVING GLASS LININGS AND BRIGHT HALQES.
THE BROKEN SURFACE ALSO HAS PITS WITH GLASS LININGS BUT THEY ARE NOT SO
NUMEROUS. THE BROXKEN SURFACE [S SUBANGULAR Y0 SUBROUNDED. THE CCGRNER THAT WAS
FRESHLY CHIPPED IN LABORATCRY IS DARK GRAY AND SHOWS BATH VUGS AND SPHERICAL
VESICLES. THE VUGS ARE CRYSTAL LINED. THE VESICLES ARE ALSO CRYSTAL LINED BUT
HAVE A SMOOTHER SURFACE AND MAY HAVE SOME GLASS IN THE LINING., THE FRESH SUR-
FACE HAS A ROUGH. HACKLY. FRACTURE. THE VUGS ARE ALIGNED ALONG ZONES. THE
LINING OF IMPACT PITS 1S CLEAR GLASS. CLEAR TO BROWN. HAS BOTRYOIDAL SURFACE.
FELDSPAR AND PYROXENE LATHS RADIATE AWAY FROM OLIVINE CENTERS IN VARIOLITIC
FORM. LATHS UP TO 3 MM LONG. OLIVINE ABOUT 1 MM BIAMETER. PYROXENE 15
REDDISH BROWN. ABOUT 30 PERCENT OF ROCK. OLIVINE. YELLOW GREEN (10 PERCENT).
ILMENITE. BLACK ADAMANTINE (15 PERCENT). FELDSPAR 45 PERCENT. HALVES PRCDUCE
BRIGHTENING IN ALL MINERALS.

OLDER SURFACE OF ROCK BRIGHTENED AND SHATTERED BY IMPACT PITS. ROCK IS NOT
FRAGILE. CRYSTALS APPEAR T3 BE ALIGNED AROUND SPHERICAL VESICLES AND PARALLEL
10 VUGS. NO OBVIOUS LAYERING OR LINEATION. ONE FRAGMENT INCLUSIGN OF

BRECCIA. [T WAS ANGULAR. CONTAINS A CLEAVAGE. IS QUITE FRIABLE. BUT IS

A ROCK. VERY FINE GRAINED BUT PARTICULATE WELDED MATERIAL. MEDIUM BROWNISH
GRAY. THE BOUNDARY BETWEEN BRECCIA AND ROCK 1S VERY SHARP AND SMOCTH. IT

IS POLYGONAL AND HAS SHARP CORNERS. THE MELT WAS ON THE SURFACE AND THE BRECCIA
FELL INTO IT. SOME PYROXENE CRYSTALS ARE UP TO S MM LONG AND GIVE THE TEXTURE A
PORPHYRITIC TEXTURE. OLIVINE BASALT.
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NASA-S5-69-61566

NASA-S-69-61569 NASA-S-69-61584
Figure A-33.- Sample 12043.
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SAMPLE 12044

SAMPLE NO. 12044.1 HE IKEN
ANGULAR, ELGNGATE FRAGMENT., MOLOCRYSTALLINE. MEDIUM GRAINED. REDDISH GRAY
COLOR. HIGHLY FRACTURED. IRREGULAR FRACTURES. THERE IS NO APPARENT
ORIENTATION OF CRYSTALS. NO VESICLES. SOME VUGS ALIGNED WITH FRACTURES.
ONE SIDE 1S ROUNDED. NGO APPARENT PITS BUT SOME THIN BLACK GLASS SPLOTCHES
BRIDGING OPEN FRACTURES.

MINERAL NO. 1 MILKY WHITE TO COLORLESS FELDSPAR. MOST LESS THAN 1.0 MM LONG
APPROXIMATELY 45 PERCENT . EQUANT CRYSTALS.

MINERAL NO. 2 PYROXENE. REDDISH BROWN EQUANT APPROXIMATELY 30 PERCENT. MOST
LESS THAN 1.0 MM LONG.

MINERAL NO. 3 VYERY LIGHT GREEN., ANHEDRAL OLIVINE CRYSTALS APPROXIMATELY 15
PERCENT
APPROXIMATELY .5 MM DIAMETER EGQUANT CRYSTALS.

MINERAL NO. 4 ILMENITE. SHINY. EQUANT TO BLADED CRYSTALS APPROXIMATELY 10
PERCENT.
IN VUGS. OLIVINE CRYSTALS UP TO 2 MM DIAMETER., ALSO 1 MM EUHEDRAL PYROXENE.
O1ABASE.

SAMPLE NO. 12044.1 WEIGHT 15.5 GRAMS DIMENSIONS 3.5 X 2 X 1.5 CM GREENWOOD
SUBROUNDEQ. PITTED. CGATED WITH DARK GRAY DUST HAS OVERALL MEDIUM DARK GRAY
APPEARANCE EXCEPT AT IMPACT PIT WHERE IT 1S BRIGHTER. ROCK IS FRIABLE AND
FRAGILE AND THE FRAGMENTS HAVE COME FROM SAME ROCK. THE FRESH FRAGMENT IS
MEDIUM GRAY. HIGHLY ANGULAR. RARE OLIVINE CRYSTALS ARE PHENOCRYSTS UP 10

1.5 10 2.0 MM IN A MATRIX OF FINER GRAINED PYROXENE AND FELOSPAR. PYROXENE

IS APPROXIMATELY 45 PERCENT OF ROCK. FELDSPAR IS APPROXIMATELY 45 PERCENT OF
ROCK. A FEW LATHS OF PLAGIGCLASE UP TG 2 MM BUT MATRIX APPEARS TO BE
EQUIGRANULAR., SMALL PATCHES OF GLASS STANDING IN RELIEF TO OLD

SURFACE. THIN BLACK GLASS IMPACT PITS HAVE A CLEAR TO TRANSLUCENT BRO¥WN
COLOR., HAS VUGS LINED WITH CRYSTALS, ILMENITE APPROXIMATELY S PERCENT.
PYROXENE 1S REDDISH BROWN. ROCK HAS A TRACHYTIC TEXTURE HOLCCRYSTALLINE RCCK,
BOTH 44.1 AND 44.2 HAVE BLACK GLASS COATING ON SURFACE.

OLIVINE MICROGABBRO.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

TOTAL CARBON ANALYSIS
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NASA-5-69-61235

NASA-S5-69-63271

Figure A-34. - Sample 12044.
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SAMPLE 12045

SAMPLE NO. 12045 ¥EIGHT &3 GRAMS DAHLEM )

FLAT. TABULAR. ONE SIDE IS FLAT AND THE OTHER IS CONVEX. THE SURFACE IS
SLIGHTLY ROGUNDED BUT FINE TEXTURE IS HACKLY WITH SOME SLIGHT ROUNDING. RELIEF
IS APPROXIMATELY 1/2 MM. SURFACE IS MOTTLED DARK GRAY, TEXTURE IS GRANULAR
AVERAGE GRAIN SIZE 1S LESS THAN 1/2 MM. ONLY A FEW FRACTURES VISIBLE AND ARE
NOT THRU GOING. SGME FRACTURES HAVE A DISCCOLORED ZONE OF DULL GRAY AND GOES
TG LIGHT GRAY. NG APPARENT STRATIFICATION AND NO APPARENT MAJOR STRUCTURE
FEATURES.

SURFACE 1S PITTED WITH SMALL GLASS LINED PITS RANGING FROM LESS THAN 0.5 UP 10
1.5 MM IN DIAMETER. GLASS LININGS OF PITS ARE VITRECUS., BLACK 70O BRGWN. RANGE
FROM EVEN VITREOUS TO FINE GRAINED EVEN LUSTERS. CIRCULAR PITS ARE COMMONLY
SURRQUNDED BY SCATTER ZONE. TRANSCENMDING MINERALOGY. THE QUTER CONTACTS ARE
IRREGULAR AGAINST SHATTER ZCGNE AND IS ADOPHYLITIC INTRUDING THE MATRIX .
WINDOWS IN GLASS LINING ARE RARE, BUT DO ALLOW A VIEW OF SHATTERING IN EBOTTOM
OF P1TS. [INTERNAL REFLECTION IS VISIBLE IN GLASS LINING. THE LININGS ARE
LOCALLY SEVERELY FRACTURED. ON FLAT SURFACE RANGE IS FROM 7 TO 14 CM2 FELDSPAR
¥ITH 10/CHM2 BEING AVERAGE. THE AVERAGE PIT SIZE ON CONVEX SIDE IS APPROXIMATELY
1.0 MM, THE PIT LINING OCCASTONALLY INCLUDES GRATINS OF QLIVINE. VUGS

RANGE FROM APPROXIMATELY 1.0 MM TO COELESCING GROUPS UP TO 5.0 MM. RANGE IN
DEPTH FROM LESS THAN 1.0 MM UP TO 3.0 MM. WALLS INCLUDE ALL MATRIX MINERALS.
MOST OBVIQUS BEING OPAQUE MINERAL. WHICH [S EUHEDRAL. MOST OF SURFACE IS
COYERED WITH FINES. .

1. THE ROCK HAS 5SS PERCENT BRO¥WNISH GRAY EQUANT PYROXENE LESS THAN 0.5 MM
AVERAGE GRAIN SIZE. PRISMATIC WITH 2 WALL LEVEL CLEAVAGES.

2. WHITE. GREENISH WHITE. TABULAR. PLAGIOCLASE 20 PERCENT MAXIMUM GRAIN
SIZE APPROXIMATELY .8 MM LONG .3 MM WIDE.

3. APPLE GREEN. EQUANT MINERAL 10 PERCENT. OCCURS AS 0.5 MM AVERAGE
SIZE. IN DISCRETE INDIVIDUAL AND MULTIGRANULAR SEGMENTS UP TO 1.0 MM IN DIAM.

4. OPAQUE:. DARK GRAY. METALLIC LUSTER., TABULAR. WEDGE SHAPED HABIT.
COMMONLY EQUANT 7 TO 10 PERCENT.

S. LOCAL AREAS OF VERY FINE GRAINED GRANULAR MATERIAL OF ALL MATRIX
MINERALS BUT VERY FINE (LESS THAN 0.1 MM), LOCAL AREAS IN THESE WITH EXTENDED
TRAINS OF OPAQUE MATERIAL TRANSCENDING FINE GRAINED MASS.

SCATTERED IN THE MATRIX ARE WHISPS AND INDIVIDUAL OF RED BROWN MATERIAL

WITHIN FELDSPAR AND ALONG GRAIN BOUNDARIES BETWEEN GRAINS. GCCURRENCE OF

FINE TRAINS OF OPAGUE MATERIAL IS FAIRLY COMMON IN THIS SAMPLE. IT IS FOUND IN
BOTH FINE GRAINED MATERIAL AND IN PYROXENE GRAINS. THESE ARE PROBABLY
EXSOLUTION PHENOMENA. THE PYROXENE/OPAGQUE/OLiVINE INTERGROWTH IS MOST OBVIQUS.
CALLED A BASALT.

SAMPLE NO. 12045 WEIGHY 63 G OIMENSIONS S X 3.5 X 2.0 CM WONES
NEUTRAL COLOR. SHAPE FLATTENED ELLIPSOID. BROKEN VERY FINE GRAINED. VUGGY
OLIVINE PHENQCRYSTS., NO ORIENTATION OF MINERALS OR VESICLES OR VUGS. SOME
TENDENCY OF YUGS TO CLUSTER. MAY BE THRU GOING SYSTEM OF FRACTURES PERFENDOICULAR
TO SHORT AX1S. MINOR FRACTURES PARALLEL TO EDGES. MANY GLASS LINED PITS,

6 PITS/CM2 PITS GREATER THAN 0.5 MM, SMALL CLOUDY MILXY FELOSPAR PLAGIOCLASE
EQUANT GRAINS 0.3 MM X 0.3 MM MAXIMUM SIZE APPROXIMATELY 20 PERCENT.

OLIVINE PHENCCRYSTS 3.0 MM LONG. | MM WIDE. SOME 4 X 4 MM APPROXIMATELY 5.0
PERCENT OF ROCK VESICLES DOMINATED BY PYROXENE. SURFACE 1S SHATTERED AND
IMPACTED.

TERRESTRIAL ANALOGUE. BASALT
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SAMPLE 12046

SAMPLE NO. 12046 WEIGHT 166 ODIMENSIONS 7 X 4 X 3 CM WONES
RECTANGULAR PRISM ®¥ITH AN IRREGULAR BLOB AT ONE END . NEUTRAL ¥WITH A TOUCH
OF BROWN. VUGGY TEXTURE. OPHITIC, FINE GRAINED. FELOSPAR LATHS RANDOMLY
ORIENTED. OPEN VUGS 2 MM MAXIMUM SIZE. NO ORIENTATION OR CLUSTERING OF YUGS.
VUGS MAKE UP LESS THAN | PERCENT OF ROCK. FRACTURES ARE CONC AT SURFACE.
APPEAR TO BE SPALLING FEATURES. GLASS LINED PITS ON ALL FACES. WHITE MILKY
FELDSPAR ON ALL FACES. PIT COUNT FOR LONG FACES. PITS GREATER THAN 0.5 MM
APPROXIMATELY .5 PITS/CM2. 1.0/CHM2 AND 1.5/CM2. 2.0/CM2. 2 SIDES ARE MCRE
ROUNDED THAN OTHER TWQO SIDES., APPEAR SLIGHTLY LIGHTER. AND HAVE A SLIGHTLY
HIGHER DENSITY OF PITS. AND NO APPARENT WATERMARK. PITS ARE ALL CIRCULAR.
LARGEST PRESERVED IS APPROXIMATELY 2.0 MM. GLASS LINED., 0.5 MM DEEP. ROCK IS

FELSIC.
PLAGICCLASE 40 PERCENT
PYROXENE $8 PERCENT

ILMENITE 2 PERCENT
PLAGIOCLASE TWINNED CLEAR LATH LIKE CRYSTALS. MAXIMUM LENGTH 2.0 MM. 0.4 MM WIDE

AVERAGE LENGTH 0.6 MM, 0.1 MM WIDE 6 X 1 AVERAGE ESTIMATE OF RATIOC.
PYROXENE LIGHT TO DARK BROWN., IN ALL SHADES OF BROWN, EQUANT WITH MAXIMUM
GRAIN 0.3 X 0.3. MEAN 0.2 X 0.2 MM.

OPAQUES BLADED. LUSTROUS MAXIMUM LENGTH 0.4 MM. RATIO OF 10/1 . VYUGS APPEAR
TO BE FILLING WITH SAME TEXTURE AND COMPOSITION PERHAPS A CONC OF OPAQUES IN
YUGS.

OLIVINE NOT APPARENT. LOOKED FOR BUT NOT FOUND.

NO ALTERATION OBSERVED EXCEPT IMPACT SHATTERING BRECCIATION,

CALLED A DIABASE.

NASA-S-69-61896 NASA-S-69-61906
Figure A-35. - Sample 12046.
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SAMPLE 12047

SAMPLE NO. 12047 VWEIGHT 193 GRAMS DIMENSIGONS 9 X 2.5 X & CM HE IKEN
TABULAR, SUBROUNDED ROCK. MEDIUM GRAY. HOLOCRYSTALLINE. MEDIUM GRAINED.
FELDSPAR ARE GROUPED IN SMALL RADIAL BUNCHES. A FEW VESICLES UP TO 8 MM IN
DIAMETER., SOME ARE COELESCING. ALL ARE SPHERICAL. NONE OVOID. OTHER THAN
FELOSPAR THERE 1S NO OBVICUS LINEATIONS. OR ORIENTED CRYSTALS. IN A 1 CM CIRCLE
THERE 1S AN AVERAGE OF 1 GLASS LINED IMPACT PIT. SOME PITS DO NOT HAVE HALOES
THE GLASS 1S BLACKISH BROWN. HAS A BUBBLY SURFACE.
ONE CM DIAMETER CIRCLE ON BOTTQM GIVES 8 SURFACE PITS ABOUT 0.8 MM ACRCSS.
CRACK WHICH IS HELD TCGETHER BY AN IMPACT PIT. MEDIUM GRAINED BASALT.
MEDIUM GRAY, UNDER SCOPE CONSISTS OF BROWNISH MINERAL. WHITE MINERAL AND
METALLIC LUSTEROUS MINERAL. HYPIEDIOMORPHIC GRANULAR TWQ SYSTEMS OF
FRACTURES ONE PARALLEL TO PLANE OF SAMPLE AND SECOND IS CONC. WITH RESPECT 10
ROUNDED EDGES ON ONE END . THE FIRST IS MORE PERSISTENT. ONE SYSTEM OF
COELESCING VUGS ON ONE SIDE THROUGH WHICH A FRACTURE PARALLEL TO LONG OIMENSICN
CUTS THE FRACTURE DOES NOT CUT ONE GF THE GLASS LINED PITS ON THE SURFACE.
T¥0 PARALLEL FRACTURES REPEATING AT APPROXIMATELY 2 MM INTERVALS. OUST STILL
ADHERES TO ALL SIDES EVEN THOUGH IT HAS BEEN BLOWN CONSIDERABLY. GLASSY
PATCHES AND GLASS LINED CIRCULAR PITS ARE COMMGN RANGING IN SI1ZE UP TO APPROXI-
MATELY 2.0 MM WITH DEPTH .1 MM, SPLOTCHES ARE BOTRIODAL. SPECULAR. VITREQUS TC
VERY FINE GRAINED GRANULAR SPECULAR. AT LEAST ONE SHOWS CONCENTRIC. RIBBED
TEXTURE INSIDE PIT. THE PITS ARE MORE ABUNDANT ON ONE SIDE THAN THE OTHER.
THE SIDE WITH VUG AND FRACTURE SYSTEM HAS MCRE PITS. THE FLATTER SIDE HAS
FEWER LARGE PITS BUT THEY ARE 3 MM IN DIAHETER. THE GLASS LINING OF PITS ON
FLAT SIDE 1S SBROENISH BUT ON ROUNDED SIDE 1S BLACK. SOME EVIDENCE OF ERCDING
OF AREA AROUND PITS WHICH LEAVES A RAISED LIP ON PITS. THE DUST COVERING IS
HEAVIER ON FLAT SIDE. THE GLASS LININGS ARE SOMEWHAT FRACTURED BECAUSE OF
NEWTON RINGS OF FRACTUHE SEEN. ON ROUNDED SIDE THE RANGE IN PITS/CHM2 IS FROM
4 TO 12 AND AVERAGE 1S APPROXIMATELY 7 IN PITS GREATER THAN 0.5 MM.
GN FLAT SIDE THE RANGE OF PITS GREATER THAN 0.5 MM IS 2 TO S wiTH 3 TO 4 BEING
AVERAGE. THE HALOES EXTEND IRRESPECTIVE OF MINERALOGY UP TO ONE CRATER DIAMETER,
THE MINERALS ARE FELDSPAR AND MILKY PYROXENE. $SOME ARE CHALKY AND FINE GRAINED
ENOUGH TO HAVE LOST LUSTER. Tw0 OTHER TYPES OF DEFRESSIONS . FIRST 1S
SPHERICAL WITH EUHEDRAL CRYSTALS LINING WALLS. SECOND IS A VUG, LINED WITH
EUHEDRAL CRYSTALS CHARACTERISTIC OF MATRIX. MAY BE TENDENCY OF FELOSPAR TQ CON-
CENTRATE IN VUGS. THE FLAT LARGE SIDE MAY HAVE BEEN DOWN. BUT TUMBLING IS
COMPLEX.
FOUR PHASES.

1. TAN. CREAM. PHASE., PYROXENE 40 PERCENT OF ROCK.

2. WHITE TO CLEAR PLAGIOGCLASE 30 PERCENT

3. BLACK METALLIC OPAQUE. PROBABLY ILMENITE 20 PERCENT

4. APPLE GREEN PROBABLY OLIVINE APPROXIAMTELY 5 PERCENT

5. S PERCENT UNDECLARED

1. EOQUANT TO SLIGHTLY ELGNGATE. GCCURS PRINCIPALLY (INTERSTITIALLY WITH)
AS SPACE FILLING BETWEEN PLAGIOCLASE GRAINS. AYERAGE .3 7O .4 MM

2. TABULAR. RANGES UP TO 1.5 MM LONG AND 0.5 MM ACROSS. TWINNING 1S
LAMELLAE AND PERPENDICULAR TG LAMELLAE. COMMONLY IN SEMI RADIAL HABIT IN
CLUMPS WITH NG [NTERGROWN PYROXENE AND OPAQUES. SOME CARLSBAD TWINNING. SOME
CLUMPS ARE APPROXIMATELY 1.5 MM ACROSS.

3. SCATTERED AT RANDGM. PLANAR HABIT. SOME PIE SHAPED AND COMMONLY
INTERGROWN WITH PYROXENE.
NO ALTERATION IS APPARENT IN ANY MINERALS.
GLASS PIT LINING. IN ONE CASE INCLUDES A FUSED LATH OF FELDSPAR. THE GLASS IS
DARK EVEN TONED EXCEPT FOR DIAMETER ORIENTED CLEAR SWATH,
CALLED A MICROGABBRQ,
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NASA-S-69-62711

NASA-5-69-61774 NASA-5-69-61785

Figure A-36. - Sample 12047,
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SAMPLE 12051

SAMPLE NO. 12051 WEIGHT 1660 DIMENSIONS I6 X 11.5 X 7 CHM HE IKEN

LOAF SHAPED ROCK. BOTTOM 1S A PLANAR FRACTURE SURFACE. THE BOTTOM [S A DARK
BROWNISH GRAY. A SERIES OF SPALLATION TYPE FRACTURES PARALLEL TO THE BOTTOM
OF THE ROCK . THE EDGES OF FRACTURE ARE VERY ANGULAR . UPPER PART IS VERY
ROUNDED. LIGHT BROWNISH GRAY. THERE IS A DISTINCT COLOR DIFFERENCE BETWEEN TOP
AND BOTTOM. TEXTURE IS MOLOCRYSTALLINE. MEDIUM GRAINED. MOST CRYSTALS ARE
RANDOMLY GRIENTED. SOME HAVE A VARIOLITIC TEXTURE. ONE DEEP FRACTURE VISIBLE
AND CUTS THRU THE WHOLE RQCK. THERE ARE SURFACE AREAS WHICH 00 NOT
NECESSARILY HAVE VESICLES BUT HAVE A DBICTYTAXIYIC TEXTURE. SQME VESICLES
PRESENT UP TO 4 MM DIAMETER. THERE ARE SURFACE GLASS LINED PITS FROM 0.1 70

2 MM IN DIAMETER. THE GLASS LINING IS APPROXIMATELY .2 MM THICK WITH A BUBBLY
SURFACE. THE GLASS HAS MULTIPLE COLGRS FROM COLORLESS TO BLACK CAUSED BY
FUSION OF CRYSTALS IN PLACE. THE WHITE CCRONA OF CRUSHED MINERALS IS
APPROXIMATELY 1/2 CRATER WIOTH WIOE. RANDOM | CHM WIDE AREAS GIVE 6 AND 2

AND 3 AND 3. SOME VERY THIN SPLASHES OF BLACK GLASS ON A SLIGHTLY WEATHERED
SURFACE., THE SPLASHES ARE APPROXIMATELY I TO 2 MM ACROSS WITH IRREGULAR
BOUNDARIES. THE FLAT BASE HAS NO SURFACE PITS OR GLASS SPLOTCHES AND HAS A
MUCH DARKER COLOR BECAUSE THERE ARE NC MINERALS FRACTURED OR SHATTERED, THERE
IS GRAY DUST ADHERING TIGHTLY TO THIS SURFACE.

FELDSPAR APPROXIMATELY 45 PERCENT. AVERAGE LENGTH OF LATHS IS APPROXIMATELY

1 MM. COLORLESS TO MILKY WHITE.

PYROXENE APPROXIMATELY 30 PERCENT. REDDISH BROWN PYROXENE SUBHEDRAL CRYSTALS
5 TO 1| MM LONG.

OLIVINE OR PYROXENE APPROXIMATELY 1S PERCENT. VERY LIGHT GREENISH YELLOW
APPROXIMATELY .5 MM DIAMETER. EQUANY CRYSTALS.

ILMENITE APPROXIMATELY 10 PERCENT, VERY THIN BLADED CRYSTALS UP TO 3 MM LONG.
AND SOME SMALL MGRE EQUANT CRYSTALS.

NEAR VESICLES AND VUGS ARE EUHEDRAL CRYSTALS OF ALL TYPES MENTIONED ABCVE. BUT
SIZES ARE NOT ANY LARGER.

DIABASE.

SAMPLE NO. 12051 VWEIGHT 1660 GRAMS ODIMENSIONS 16 X 11 X 6 CH CHAD
MINERALOGY.

OPHYTIC. WHITE TO MILKY WHITE. TO LUSTROUS. PLAGIOCLASE FELDSPAR ALSO
OCCURS AS PLATES IN VUGS. APPROXIMATELY S50 PERCENT.

INTERSTICIAL CINNAMON BROWN CLINOPYRGXENE. PRISMATIC HABIT IN VUGS.
APPROXIMATELY 45 PERCENT.

GREENISH YELLOW PHENOCRYSTIC OLIVINE. SPARSELY DISTRIBUTED UP TQ 2.0 MM
ACROSS. LESS THAN | PERCENT,

OPAQUE MINERAL S PERCENT. BULACK WITH YITREOUS LUSTER.
PROBABLY ILMENITE.
THE OPHYTIC TEXTURE 15 PRONOUNCED ON Tnc ROUNDED SIDE. THEREFQORE. OLIVINE
BEARING A DIABASE OR BASALT.
SHOCKED.
SHAPE. LIKE COW DUNG. FLAT ON ONE SIDE AND ROUNDED AND CONVEX ON OTHER SIDE.
COLOR. BROWNISH SPECKLED GRAY.
TEXTURE. OPHYTIC.
SLIGHTLY VUGGY AND VESICULAR. NUMERQOUS PI1TS ROUNDED CONVEX WHICH ARE COATED
¥ITH DUST 0.3 TO 2 MM IN DIAMEYER ABUNDANT. GREATER THAN 2 PER CM2. NG PITS
ON FLAT SIDE TNDICATING IT IS THE BOTTOM SIDE. THE OTHER THE TOP SIOE.
TERRESTRIAL ANALGGUE. DIABASE.

THE FOLLOWING EXPERIMENT WAS CONOUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
TOTAL CARBON ANALYSIS

136



NASA-5-69-61517

NASA-5-69-61527 NASA-8-69-61531

Figure A-~37.- Sample 12051.
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SAMPLE 12052

SAMPLE NO. 12052 HEIKEN AND ANDERSON
MOD WELL ROUNDED DARK GRAY CRYSTALLINE ROCK ¥I1TH NUMEROUS GLASS LINED PITS MOST
OF WHICH HAVE A WHITE SHOCK RING ARGUND THEM. THE PIT DENSITY IS APPROXIMATELY
20 PER SQUARE CM. THE ROCK. IS VUGGY AND COGARSE GRAINED. NO LINEATIONS OR
OBVIOUS FRACTURES YISIBLE EXCEPT FOR A FE¥ SMALL EXFOLIATION CRACKS. TEXTURE
AND MINERALOGY., Tw0O PHASES EASILY IDENTIFIABLE. HONEY BROWN PYROXENE CRYSTALS
APPROXIMATE 3 MM LOGNG LESS THAN | MM WIDE FORM BLADES I[N CLUSTERS RADIATING FROM
COMMON CENTERS WITH FELDSPAR CRYSTALS PRESENT INTERSTITIALLY BETWEEN RADIATING
BLADES. COARSE PYROXENE CRYSTALS MAY BE OBSERVED IN SOME VUGS. A FEW GREENISH
OLIVINE CRYSTALS MAY BE SEEN ON ROCK SURFACE . IN SOME PLACES THE RADIATING
CRYSTAL STRUCTURE SEEMS TG 8E FELDSPAR LATHS. THE ABUNOANT GLASS PITS FRE-
QUENTLY HAVE RAISED RIMS. THE GLASS IN THE PITS SEEMS 7O VARY FROM QLIVE GREEN
TO CARIC BROWN. :
ANGULAR TG SUBANGULAR . ONE SIDE OF TOP IS ROUNDED BY PLANAR FRACTURES.
LINEATION ALONG FRACTURE PLANES. COLOR MEDIUM DARX GRAY. ON FRACTURED SIDE
THERE ARE SMALL AREAS WITH ABUNDANT 2 MM DIAMETER VESICLES. ON ROUNDED SIDE
THERE ARE ABUNDANT GLASS LINED IMPACT SURFACE PITS WITH WHITE HALOES. VESICLES
"SHOW NG PREFERRED ORIENTATION. TEXTURE IS HOLOCRYSTALLINE FINE GRAINED.
NG IMPACT PITS ON FRESH SURFACE SIDE. ONE PATCH OF INTERCONNECTING VESICLES
APPROXIMATELY 2 CM IN DIAMETER 1S FILLED WITH A NETWORK OF GREENISH BROWN
PYROXENE CRYSTALS UP TO 8 MM LONG 0.5 MM WIDE. THE ROUNDED SI1DE IS COVERED WITH
NUMERQOUS SURFACE PITS RANGING FROM 0.1 MM TO 2 MM IN DIAMETER. ALL ARE LINED
WITH DARK BROWN GLASS. WITH A HALG OF DAMAGED CRYSTALS AROUND EACH PIT. HALO'S
WIDTH [S APPROXIMATELY DIAMETER OF P17 WHEREVER THE FRAGMENT IMPACTED ON
ORIENTED CRYSTALS THE PIT IS ELONGATED IN RESPECT TO THE ORIENTATION OF THE
CRYSTALS. MINERALOGY IS DIFFICULT TO DETERMINE BECAUSE AVERAGE CRYSTAL SIZE
IS LESS THAN 0.5 MM.
APPROXIMATE MODE.

REDDISH BROWN PYROXENE 40 PERCENT

FELDSPAR 30 PERCENT ~
CLIVINE 15 PERCENT
ILMENITE 15 PERCENT

SOME FELDSPARS ARE UP TO 1 CHM LONG IN VERY THIN LATHS.

BOTTOM SIDE. ROUNDED TO SUBROUNDED. S PERCENT BY VOLUME VESICLES. VESICLES
UP 1O 3 MM IN DIAMETER COVERED WITH ABUNDANT SURFACE PITS IN A § CH DIAMETER
CIRCLE APPROXIMATELY 21 PITS. SOME ORIENTATION OF FELDSPAR MOSTLY IN RADIAL
PATCHES.

SAMPLE NO. 12052.2 LINDSAY

FIVE FRAGMENTS ALL QUITE ANGULAR. LARGEST PIECE S CM LONG.

TRACHYTIC TEXTURE. SOME VESICLES ! CM IN DIAMETER. LARGE VUG 2 CM LONG 5 MM
WIDE. THREE SURFACE PITS PER SQUARE CM.

APPROXIMATE MODES. HOLOCRYSTALLINE WITH OLIVINE PHENQCRYSTS UP TO 0. 1MM
FORMING ABOUT S PERCENT. SOME PYROXENE. VUGS LINED WITH ACICULAR TLMENITE 5 MM

LONG .5 MM ¥WIDE.
THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS

RARE GAS ANALYSIS
TOTAL CARBON ANALYSIS
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eup of sample 12052 (NASA-S-T70-21312).

Clos

Figure A-38.
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NASA-S-T0-44631

NASA-S-T70-44847 NASA-S-70-44848

Figure A-39. - Sample 12052.
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SAMPLE 12053

SAMPLE NO. 12053 WEIGHT 873 G DIMENSIONS 12 CM X 8.5 CM X S CH GREENWOQOD
OLIVINE BASALT. ROCK HAS A FLAT BOTTOM WITH ANGULAR EDGES AND A SUBROUNDED
PEAKED TOP. THE TOP SURFACES ARE PITTED WiTH A SMOOTH PEPPERED ROUNDED SURFACE
MEDIUM GREY OUTSIDE EXCEPT FOR A LUSTROUS BLACK GLASS WHICH LINES SOME PITS.
THESE ARE ALSO INFREQUENT 2 TO 3 MM VESICLES. WHICH ARE LINED WITH CRYSTALS .
THE GLASS LINED PITS HAVE A BRIGHT HALO OF FRACTURED ROCK AROUND THEM. THE
BOYTOH SURFACE HAS A SMALL 1 X | CM PATCH OR BLACK CRYSTAL. A FRESH SURFACE

HAS SAME COLOR AS WEATHERED C(MEDRIUM GREY) AND THERE IS A SUBPLANAR FRACTURE SET
PARALLEL TO THE BASE.

THERE IS ALSO A SET OF CINTERSECTING) FRACTURES WHICH AT 40 DEGREES AND THE BASE
PLANE BISECTS THE SMALL ANGLE BETWEEN THE FRACTURES. THE ROCK IS FINE GRAINED.
ViTH NEEDLES OF FELDSPAR UP TO 3 MM LONG., TRACHYTIC TEXTURE. THE VESICLES

ARE LINED WITH FINE MINERALS, RATHER THAN GLASS. THE MAFIC MINERALS APPEAR TO
BE YELLOW GREEN OLIVINE (10 PERCENT), DARK GREY MATRIX ( APPROXIMATELY 25
PERCENTI. THERE IS AN OPAQUE MINERAL ILMENITE OR MAGNETITE. 2 OR 3 PERCENT.
FELDSPAR 60 PERCENT. THE VESICLES ARE LINED ¥ITH COARSER CRYSTALS OF THE
MATRIX. THE VESICLE CRYSTALS ARE PYROXENE AND OLIVINE. THE TEXTURE TENDS TO
DICTYTAXITIC AND THE ROCK IS HOLOCRYSTALLIME GRANULAR. THE BLACK COATING ON
BOTTOM IS BOTRYOIDAL GLASS. THERE 1S NO APPARENT OVERALL PREFERRED CRYSTAL
ORIENTATION. LOGCALLY THE FELDSPAR CRYSTALS APPEAR TO HAVE A ROSETTE HABIT. THE
RGCK IS NOT FRIABLE OR FRAGILE. THE ROCK IS ABOUT S PERCENT VOIDS (CRYSTALLINE
LINED VESICLES). THERE ARE NUMERQUS IMPACT PITS ON THE TOP OF THE ROCK. NO
IMPACT PITS WERE SEEN ON THE BOTTOM. NO ALTERATIGN EXCEPT FOR IMPACT FRACTURING
WAS SEEN.

ONE SIDE IS ANGULAR TO SUBANGULAR WITH THIN EXFOLIATION TYPE FRACTURES ON ONE
SIBE. THE OTHER SIDE IS WELL ROUNDED WI!TH CONSIDERABLE DUST ADHERING TIGHTLY TO
ROBUNDED SIDE. FINE GRAINED HOLGCRYSTALLINE. MOGST CRYSTALS APPROXIMATELY 0.2 TO
0.3 MM LONG. EOQUIGRANULAR MOST CRYSTALS ARE LATH SHAPED SOMETIMES APPEARING IN
BUNCHES GROWING RADIALLY OUT FROM A CENTRAL POINT,

FELDSPAR 60 PERCENT

PYRGXENE 20 PERCENT CINNAMON BROWN ELONGATE LATH SHAPED
ILMENITE 1S PERCENT BLADED

OLIVINE S PERCENT VERY LIGHT GREEN

THE SURFACE IS COVERED WITH

SHALLOW PITS FROM 1726 TO t MM, NUMBER OF PITS IN A CIRCLE 1 CM IN DIAMETER,

32 PITS IN FIRST COUNT, 1S PITS IN SECOND COUNT.

ON TOP IS A VERY THIN GLASS SPATTER APPROXIMATE 6 MM IN DIAMETER WITH IRREGULAR
EDGES. VERY DARK BROWN. IN A NUMBER OF INSTANCES. THE GLASS LINED PITS ARE
RAISED SLIGHTLY ABOVE THE ROCK SURFACE. IT APPEARS THAT THE ROCK HAS BEEN
DIFFERENTIALLY ERGDED. WITH GLASS LININGS AS RESISTANT HIGHS.

FOUR VESICLES ON UPPER SURFACE ALL LESS THAN 1/2 MM IN DIAMETER.

ANGULAR (BOTTOM) SIDE IRREGULARLY SPACED VESICLES APPROXIMATELY | MM IN DIAMETER
AVERAGING APPROXIMATELY 1 PER CM CIRCLE LINING WALLS OF VESICLES ARE ABUNDANT
OLIVINE CRYSTALS APPROXIMATELY 2 MM ON LONG AXIS . NO IMPACT PITS ON BOTTOH.
ON BOTTOM 1S A PATCH OF THIN GLASS SPATTER 0.5 X 0.6 CM. THE SURFACE IS HIGHLY
IRREGULAR AND BOTRIOIDAL. BLACK WITH SHINY GLASSY LUSTER.

THE FOLLOWING EXPERIMENT WAS CONOUCTED ON THIS SAMPLE

RCL ANALYSIS

142



NASA-S-69-6095T7 NASA-S-69-60958
Figure A-40. - Sample 12053.
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SAMPLE 12054

SAMPLE NO. 12054 WEIGHT 687 GRAMS DIMENSIONS 9 X 7 X 7 CH GREENYWOOD

HIGHLY ANGULAR NO ROUNDING. PYRAMIDAL SHAPED BASE 1S COVERED WITH BLACK GLASS
THIN COAT OF VESICULAR GLASS APPROXIMATELY 1/4 MM THICK. THE GLASS COVERS UP
APPROXIMATELY 1/2 WAY UP THE PYRAMID. THE ROCK IS LIGHT GRAY . MEDIUM TC COARSE
CRYSTALLINE FELDSPAR LATHS ARE 2 TG 3 MM IN LENGTH. LIGHT GREENISH BROWN MATRIX
PYROXENE. COARSE 7 MM PHENOCRYST OF PYROXENE APPEARS EUHEDRAL. THE PYRAMID
TOF OF ROCK APPEARS TO BE A SHATTERCONE. THERE ARE CONVERGING SLICKENSIDED
SURFACES WITH GROUND UP AND SMEARED OUT MINERALS. THE BASE OF THE PYRAMID

HAS ONE LARGE AND SEVERAL SMALL OPEN FRACTURES. THE FRACTURES ARE WELDED
TOGETHER BY GLASS. THE ROCK APPEARS TG BE EXPANDED WITH BREAOCRUST FASHIGN

AND IS HELD TOGGETHER BY THE GLASS. AT THE TOP OF THE PYRAMID IS A FRACTURE

WITH A VEIN FILLED WITH REDDISH YELLOW GLASS. THE ROCK IS VERY FRIABLE ANO
FRAGILE AND MUCH FRACTURED UP. IN ADDITION TO GLASS COATING ADJACENT TO IT

AND EXTENDING BEYOND THERE IS A BROWNISH BLACK DULL COATING ON ROCK THAT GOES
INTO FRACTURES. IT IS DARKER THAN MEDIUM GRAY DUST AND APPEARS RELATED TO EVENT
THAT CAUSED GLASS. IT IS THIN LESS THAN 0.1 MM AND IS EASILY SCRATCHED OFF

WITH A NEEDLE. IT MAY BE EITHER BAKED DUST BELOY GLASS. WHICH WAS CHIPPED OFF
OR A CHEMICAL SUBLIMATE ON THE ROCK.

AT THE INTERSECTION OF OPEN FRACTURES THE ROCK IS GRANULATED AND SCME FRACTURES
HAVE BLACK GLASS FILLINGS. THE PYROXENE [S MICROFRACTURED ALSO AND THE FELDSPAR
IS WITHOUT CLEAVAGE AND IS WHITE . THERE SEEMS TO BE A NUMBER OF IMPACT PITS
THROUGH THE GLASS AND INTO THE ROCK., THE IMPACT PITS ARE GLASS LINED AND APPEAR
TO HAVE BEEN SPALLED OUT. THE GLASS HAS A YELLOW BROWN INTERNAL REFLECTION
WHERE ITS THIN. IT HAS A NUMBER OF BROWM VESICLES SOME GLASS IN PITS IS LIGHT
COLORED, LIGHT BROWN YO CLEAR. THERE APPEARS TO BE A NUMBER COF SMALL

SPHERULES APPROXIMATELY 2 MM IN DIAMETER TO S MM BONDED TO THE SURFACE. THERE
IS NG EVIDENCE OF THE GLASS ALTERING THE ROCK BELGW [T. THE LIQUID MUST HAVE
BEEN OF VERY LOW VISCOSITY TO SPREAD SO TKIN AND TO GO INTO THE FRACTURE. WHERE
[IMPACT 7:iTS ARE IN THE GLASS THE YERY SMALL ONES ARE LINED WITH REDODISH BRO¥N
GLASS AND SURROUNDED BY A HALO OUT TG | CRATER DIAMETER OF SHATTERED GLASS OF A
LIGHT YELLOW BRO¥WN CO/.OR. THERE ARE A GREAT NUMBER OF THESE SMALL PITS IN THE
GLASS. THE PITS GREATER THAN 1 MM GO INTO THE ROCK. LESS THAN 1 MM DO NOT. THE
LARGER OMES BLAST AWAY THE GLASS AND HAVE A DARKER GLASS LINING OF GLASS.

THE ROCK ITSELF HAS PLAGIOCLASE LATHS., [T HAS A TRACHYTIC TEXTURE. HOLO-
CRYSTALLINE. MAY BE A SUBTLE ORIENTATION OF PLAGIGCLASE CRYSTALS NEAR THE BASE.
FRAGMENTS OF THIS ROCK TYPE ARE WELDED TO THE OUTSIDE OF THE GLASS. THERE MAY
BE AN IMPACT PIT OM ONE OF THE SIDES THAT IS IN GENERAL GLASS COVERED. THE PIT
IS GLASS LINED APPROXIMATELY 3 MM ACROSS BUT THE AREA AROUND IT 1S FREE OF GLASS
THE ROCK IS THOROUGHLY FRACTURED ¥ITH SUSPOLIGONAL FRACTURE SETS AND APPEARS TO
BE EXPANDED ON A MICROSCALE. FRACTUH~S EXTEND THROUGH BLADES OF ILMENITE AND
GTHER CRYSTALS. FELDSPAR 1S APPROXIMATELY S0 PERCENT OF THE ROCK. THERE ARE
DARK PYROXENE PHENOCRYSTS THROUGHQUT THE RCCK. NO VUGS IDENTIFIABLE. BONDED
TO THE GUTSICE OF THE GLASS THERE ARE CRYSTALS OF FELDSPAR AND PYROXENE WHICH
ARE SEMITRANSLUCENT AND APPEARS IN THE ROCK WITH 175 GLASS COATING. THE ROCK
WITH ITS GLASS COATING APPEARS TG HAVE FALLEN ON SOIL WHILE THE GLASS WAS STILL
NOT BONDING THE SOIL TG THE ROCK. SEVERAL OF THE FRACTURES RAOIATE OUT FROM THE
CENTER IN CARTWHEEL FASHION. THE FELDSPAR IS HIGHLY ALTERED BY SHOCK. THERE IS
A REDOISH BROWN ACCESSORY MINERAL THAT 1S PRISMATIC IN HABIT APPROXIMATELY 1/10
MILLIMETERS IN LENGTH.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
RARE GAS ANALYSIS

144



NASA-S-69-60972 NASA-S-69-60967

Figure A-41.- Sample 12054.
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SAMPLE 12055

SAMPLE NO. 12055 DIMENSIONS 12.5 X 10 X 5 CM HEIKEN
ROCK 15 POSSIBLY TERRESTRIALLY CONTAMINATED.
SIDE | (UPPER) SUBROUNDED. HIGHLY FRACTURED WITH ELONGATION PARALLEL TG
FRACTURES. COLOR LIGHT GRAY COVERED WITH RADIATING MASSES OF FELDSPAR LATHS,
THE ROCK [S MEDIUM GRAINED HOLOCRYSTALLINE. VUGS ARE ASSOCIATED WITH
FRACTURES BUT NG VISIBLE VESICLES. FRACTURES ARE IRREGULAR. MOST ARE PARALLEL
TG EACH OTHER, SURFACE FEATURES ABUNDANT GLASS LINED IMPACT PITS RANGING FROM
172 T0 3 MM PITS ARE LINED WITH DARK BROWN BUBBLY GLASS. THE GLASS IS LESS THAN
0.2 MM, SEVERAL 4 MM BLACK GLASS SPLASHES ON SURFACE. A FEW VESICLES.
MINERAL 1 APPROXIMATELY 45 PERCENT MILKY WHITE TG COLORLESS FELDSPARS.
LATHLIKE. BEING 0.2 MM WIDE ON AVERAGE AND | TO 8 MM LONG. THESE SHO¥ SOME
ALBITE TWINNING. PROBABLY PLAGICCLASE. NG. 2 APPROXIMATELY 30 PERCENT LIGHT
REDDISH BROWN PYROXENE APPROXIMATELY 0.Z KM WIDE | TO 3 MM LONG. SUBHEDRAL AND
SHOW EXCELLENT CLEAVAGE. NO. 3 APPROXIMATELY 1S PERCENT VERY THIN BLADED LIKE
CRYSTALS OF [LMENITE UP TO | 1/2 MM LONG. NO. 4 APPROXIMATELY 10 PERCENT EQUANT
t MM DIAMETER CRYSTALS LIGHT GRAY OLIVINE. THE ELONGATE FELDSPAR LATHS.
PYROXENE CRYSTALS. AND BLADES OF ILMENITE ARE ALL SUBPARALLEL IN RADIALLY
ORIENTED CLUMPS. THE CLUMPS ARE APPROXIMATELY 5 TO 8 MM [N DIAMETER AT JUNC-
TIONS BETWEEN CLUMPS ARE SMALL MORE EQUANT CRYSTALS OF ILMENITE. VUGS WITHIN
FRACTURES ARE FILLED WITH MELL FORMED CRYSTALS OF ALL TYPES DESCRIBEQD.
SHAPE. ELLIPSOIDAL. ONE END BROKEN OFF.
COLOR. NEUTRAL N7
TEXTURE. VUGGY. MEDIUM GRAINED. SUBOPHITIC.
FABRIC. NO OBSERVED LINEATIONS. RANDOM YUGS. 2 CM DOWN TO 2 MM . NO VESICLES.
FRACTURES. THROUGH GOING FRACTURES APPROXIMATELY PARALLEL TO SURFACE SHAPE
OF ROCK IS CONTROLLED BY FRACTURES.
SURFACE FEATURES. GLASS LINED PITS COMMON ON ALL SIDES 1 TO 4 MM IN DIAMETER.
SOME SHATTERED TEXTURE ON SURFACE. ROUNDING INDENTATIONS PRESENT. LARGE PITS
AND ROUNDING COMMGN ON ROUNDED ENOC OF ELIPSE. BOTTOM HAS A FRESH BROKEN SURFACE,
MINERALOGY. MODE.

PLAGIQCLASE 45 PERCENT

PYROXENE 50 PERCENT

OLIVINE S PERCENT

OPAQUES. THIN BLADES APPROXIMATELY 1 PERCENT
PLAGIOCLASE UP 70 1 CM LONG .04 MM WIDE. SOME [S 1 MM X 0.2 MM, SOME TIMES
OCCURS AS SHEATHS, CLEAR TO WHITE.
PYROXENE EQUANT 1 X 1 MM GRAINS BROWN.
OLIVENE. 0.4 EUHEDRAL EQUANT GRAINS.
OPAQUES. BLADED BLACK, 0.1 X 0.01 MM,
VUGS, DOMINANT MINERAL IN VUGS IS PYROXENE. APPEARS TQ BE PLAGICCLASE AND
OLIVINE IN VUGS TOO. PYROXENES ARE APPROXIMATELY | CM LONG APPROXIMATELY 0.8 MM
WIDE. RANDOM ORIENTATION, NO CHANGE IN GROUND MASS NEXT TO VUG. PYROXENE
APPEARS DARKER BROWN THAN PYROXENE WITH GROUND MASS. SHOCK ALTERATION OF
SURFACE MINERALS. CALL [T AN OLIVINE BASALT,
SI10E 2 (BOTTOM) SUBROUNDED APPEARS TO HAVE AS MANY GLASS LINED PITS AS OTHER
SIDE. TEXTURE 1S SAME AS SIDE 1 WITH EXCEPTICN THERE IS APPROXIMATELY S
PERCENT BY VOLUME OF OVO1ID VESICLES. THE VESICLES ARE LINED WITH ALL
VARIETIES LINING THE WALLS PARALLEL TO WALLS WITH EXCEPTION OF A LARGE
COELESCED VESICLE WITH TOTAL LENGTH OF APPROXIMATELY 16 MM. THE CAVITIES ARE
PARTIALLY FILLED WITH INTERTWINED PYROXENE CRYSTALS UP TO S MM LONG ¥ITH
SL;gHT GREENISH TINGE. THE SIDES OF THE ROCK HAVE NUMEROUS GLASS LINED PITS
ALSO.
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Figure A-42. - Sample 12055.
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SAMPLE 12056

SAMPLE NO. 12056 WEIGHT 121.0G DIMENSIONS 8 X 2.5 X 5 CM HE IKEN

ONE SIOE 15 SUBRCUNDED. ANGULAR WITH FRESH FRACTURE SURFACES . MEDIUM GRAINED
HOLOCRYSTALLINE., VARIALITIC TEXTURE. SOME FRACTURING PARALLEL TO SURFACE
AROUND EDGES APPROXIMATELY 2 PERCENT VESICLES .5 MM DIAMETER AND LARGER.
SURFACE IMPACT PITS 0.1 TO 2 MM IN DIAMETER GLASS LINED. DARK BROWN TO BLACK
GLASS LINING. IN A CIRCLE 1 CM DIAMETER THERE ARE S PITS. BUBBLY SURFACE IN
THE GLASS. PITS IN GLASS LININGS ARE SLIGHTLY RAISED ABOVE ROCK SURFACE
INDICATING HIGHER RESISTANCE THAN SURRCUNDING RCCK.

FELDSPAR MILKY WHITE TG COLORLESS. LATH SHAPED CRYSTALS UP TO 1.5 MM LCNG.

40 PERCENT.

PYRGXENE . LIGHT REDDISH GRAY TO REDDISH BROWM . ELONGATE CRYSTALS 1 TC 1.5 MM
LONG GROVING SUBPARALLEL TO THE FELDSPAR CRYSTALS. GROWING RADIALLY AROUND WHAT
APPEARS T0O BE A PYROXENE NUCLEUS AND IN GTHER CASES AN OLIVINE NUCLEUS. 35

PERCENT.

ILMENITE CRYSTALS .S TO 1 MM LONG. 20 PERCENT. FORM BOTH EQUANT AND BLADED
CRYSTALS.

OLIVINE S PERCENT., VERY PALE YELLOWISH GREEN OLIVINE. EQUANT CRYSTALS .S MM
DIAMETER.

SOME VESICLES AND VUGS HAVE EUHEDRAL PYROXENE AND OLIVINE CRYSTALS GROWING IN
THEM BUT ARE NOT MUCH BIGGER THAN THE REST OF THE ROCK. ON THE BOTTOM SIDE
ARE SOME ELONGATE CHAINS OF VESICLES.

VARIGLITIC DIABASE

SAMPLE NG, 12056 WEIGHT 121 G DIMENSIONS 8 X 2.5 X 5 CH WONES
SHAPE. ASSYMMETRIC TRIANGULAR PYRAMID.
COLOR. BROWNISH GRAY. SYR 6/1,
TEXTURE. VUGGY. FINE GRAINED. SUBOPHITIC.
'FABRIC. NO OBSERVED LINEATIONS, PRONOUNCED TENDENCY FOR VUGS TO BE AL IGNED
ALONG SUBPARALLEL PLANES. VUGS ABUNDANT. IRREGULAR IN SHAPE.
FRACTURES. FRACTURES CCMMON AT EDGES. SET OF FRACUTRES SUBPARALLEL TO
FRESH SURFACE. SHAPE OF ROCK PROBABLY CONTROLLED BY FRACTURES.
SURFACE FEATURES. 2/4 MAJOR SURFACES ARE FRESH. OLDER SURFACES HAVE HALGED
PITS WITH GLASS LININGS. MILKY WHITE SHOCKED FELDSPARS. INDENTATICNS AND
ROUNDING. LARGEST PITS ARE 1.5 MM, PITS GREATER THAN 0.2 MM 6/CHM2. SOME GLASS
ADHERING TO SURFACE OF ROCK.
MINERALOGY.
MODE.

PYROXENE 60 PERCENT

PLAGIOCLASE 30 PERCENT

OLIVINE 3 PERCENT

OPAQUES 7 PERCENT
OLIVINE. GREEN. GLASSY. ROUNDED GRAINS. 0.2 MM.
PYROXENE. BROWN, LIGHT TO DARK. EQUANT. FORMS GROUNOMASS ONLY SLIGHTLY
SMALLER THAN OLIVINE.
PLAGIGCLASE. CLEAR. LATH SHAPED CRYSTALS. 0.2 X 0.8 MM AVERAGE GRAIN SIZE.
OPAQUES. LUSTROUS. BLADED. 0,01 X 0.2 COMMON SIZE.
VUGS APPEAR TO CONTAIN MORE PLAGIOCLASE THAN GROUNDMASS. PYROXENE AND OLIVINE
ARE PRESENT IN VUGS.
TERRESTRIAL ANALOGUE 1S MICROGABBRO.
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Figure A-43. - Sample 12056.
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SAMPLE 12057

Sample 12057 consists of fines and chips from the bottom of the D-ALSRC. The
fines and chips were numbered and subsequently divided into the following subsets.

12057: 12057-7; 12057-10:
12057 12057-7 12057-10
12057-1 12057-13
12057-2 12057-18 12057-11:
12057-3 12057-19

12057-25 12057-11

12057-4: 12057-26 12057-12

12057-33 12057-22
12057-4 12057-34 12057-23
12057-14 12057-41 12057-29
12057-15 12057-30
12057-31 12057-8: 12057-40
12057- 32

12057-8

12057-5: 12057-27
12057-5 12057-9:

12057-6: 12057-9

12057-20
12057-6 12057-21
12057-16 12057-28
12057-17 12057-35
12057-24 12057- 36
12057-37 12057-42
12057-38 12057-43
12057- 39

Sample 12057

SAMPLE NO. 12057 WEIGHT 650 GRAMS WARNER
THIS SAMPLE CONSISTS OF FINES AND CHIPS FROM BOTTOM OF DOCUMENTED ALSRC.

SAMPLE NO. 12057 WEIGHT NONE OIMENSIONS CHIPS LESS THAN 1| CM AND GREATER
THAN | MM INVESTIGATOR HEIKEN

TYPE NO. 1 APPROXIMATELY 20 PERCENT OF YHOLE SAMPLE. ANGULAR HOLOCRYSTALLINE.
EQUIGRANULAR . AVERAGE CRYSTAL SIZE 1S APPROXIMATELY 0.7 MM LONG. CONSISTS OF
1. APPROXIMATELY 20 PERCENT OF ROCK LIGHT TAN MINERAL WITH NO VISIBLE CLEAVAGE.
ELONGATE. POSSIBLY PYROXENE. 2, MILKY WHITE ANHEDRAL CRYSTAL POSSIBLY HEAVILY
FRACTURED FELOSPAR. MAKES UP APPROXIMATELY S5 PERCENT OF ROCK. 3. THIN BLADE
LIKE CRYSTALS OF ILMENITE APPROXIMATELY S PERCENT,

TYPE NO. 2 APPROXIMATELY 40 PERCENT. WELL ROUNDED. COMPRESSED OR CEMENTED

FINE GRAINED SURFACE MATERIAL. MEDIUM LIGHT GREY. AVERAGE GRAIN SIZE IS APPROXI
MATELY LESS THAN 0.1 MM, ONLY [DENTIFIABLE FRAGMENTS ARE SAND SIZE PARTICLES
OF BLACK GLASS.

TYPE NO. 3 APPROXIMATELY 10 PERCENT SUBANGULAR. FINE GRAINED HOLOCRYSTALLINE
ROCK WITH RAISED GLASS LINED PITS. COLOR IS LIGHT BLACKISH GREY. FINE GRAINED
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PROBABLY BASALTIC.

TYPE NO. 4 APPROXIMATELY 40 PERCENT. GREYISH-OLIVE GLASS ANGULAR FRAGMENTS
EXHIBITING GGOD CONCHOIDAL FRACTURE. ROUND VESICLES APPROXIMATELY 1/2 MM IN
OIAMETER. SURFACE IS COVERED WITH WHITE SPOTS .05 TO 0.2 MM. THESE HAVE A
RADIAL SPHERULITIC APPEARANCE. POSSIBLY DEVITRIFICATION PRODUCTS.

SUBTYPE OF TYPE NO. 4 CONSISTS OF A MASS OF HIGHLY VESICULAR WELDED

SPATTER WITH EXTREMELY IRREGULAR APPEARANCE. WELDED. WITH GLASSY SPATTER. ARE
LESS THAN .1 MM GRAINS OF LUNAR SOIL. MANY CF OIFFERENTY ROCK TYPES HAVE ON
ONE OR TWO SIDES A THIN COAT OF DARK REDDISH BROWN GLASS. THE THIN COAT HAS A
BUBBLY SURFACE.

TYPE NO S. APPROXIMATELY 10 PERCENT. COARSE GRAINED HOLOCRYSTALLINE ROCK
PORPHYRITIC. THE PHENOCRYSTS CONSIST OF 1. OLIVINE CRYSTALS UP TGO S MM LONG
PISTACHIO GREEN. SUBHEDRAL. MIGHLY FRACTURED., 2, SOME SMALLER PHENOCRYSTS
APPROXIMATELY | MM LONG SUBHEDRALS BLADES OF ILMENITE IN GROUND MASS. THE
AVERAGE GRAIN SIZE OF OLIVINE APPROXIMATELY 1| MM LONG AND ARE SUBHEDRAL.
OLIVINE MAKES UP APPROXIMATELY 30 PERCENT OF ROCK. ILMEMITE MAKES UP APPROXI-
MATELY 10 PERCENT. 3. CINNAMON BROWNH PYROXENE. SUBHEDRAL APPROXIMATELY 0.8 HM
APPROXIMATELY 45 PERCENT, ROCK IS GABBROIC.

TYPE NO. 6 IN TRACE AMOUNTS THERE ARE 1 MM GLASS BALLS IN MOD. OLIVINE BROWN,
TYPE NG. 7 IN TRACE AMOUNTS INDIVIDUAL ENHEDRAL CRYSTALS OF CINNAMON BROWN
PYROXENE APPROXIMATELY 3 MM LGNG.

TYPE NO. 8 IN TRACE AMOUNTS FINE GRAINED HOLOCRYSTALL INE ROCK CONSISTS OF

1/2 MM FELDSPAR CRYSTALS. IN A MEDIUM GREY MATRIX. MATRIX MINERALS ARE INDETER-
MINATE. BUT APPEAR BASALTIC. VESICLES FROM 1710 7O 2.0 MM IN DIAMETER,

THIS ROCK IS EXPECTED TO BE LOW IN TITANIUM., CHECK WITH CHEMICAL ANALYSIS.

Figure A-44. - Sample 12057; chips less than 1 centimeter
but more than 1 millimeter in diameter
(NASA-S-69-60961).
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SAMPLE NO. 12057 WEIGHT 479 SAMPLE 675 CAN + SAMPLE DIMENSIONS FINES HE IKEN
IN/CM 6 CHIPS ABOVE 1 CM IN DIAMETER. EACH CHIP WAS WRAPPED IN ALUMINUM FOIL
AND STORED IN CAN MARKED FINES CHIPS.

FINES CHIPS GREATER THAN 1 CM IN DIAMETER.

CHIP A. 1.1 X 1.6X 1.0CM SUBROUNDED MEDIUM CYRSTALLINE RGCK. MEDIUM
GREY, OLIVINE RICH GABBROIC. VUG ON ONE SIDE CONTAINS PERFECT CRYSTAL OF
OLIVINE AND ILMENITE.

MINERALOGY. 1. 40 PERCENT OLIVINE. PISTACHIO GREEN WITH CONCHOIDAL FRACTURE.
CRYSTALS APPROXIMATELY 0.6 MM IN DIAMETER. 2. 10 PERCENT REDDISH BROWN STUBSY
CRYSTALS WITH GOOD CLEAVAGE FACES PYROXENE. 3. ILMENITE. BLACK WITH VERY
SHINY METALLIC LUSTER. FORMS BLADES UP TO 3 MM LONG. 10 PERCENT. 4) 46
PERCENT FELDSPAR. SUBHEDRAL AND ANHEDRAL MILKY WHITE CRYSTALS UP TG 2 MM LONG.
CHIP B. 1.2 X 1.2 X 1.2 CM. SUBANGULAR. FINE CRYSTALLINE ROCK. NO GLASS.

ONE MAIN FRACTURE ACROSS THE MIDGLE OF THE ROCK WHICH BRANCHES INTG 3 DIRECTIONS
ON GPPOSITE SIDE. PYROGXENES AND FELDSPARS ARE ORIENTED. A SMALL IMPACT PIT ON
THE SURFACE IS | MM IN DIAMETER AND 0.2 MM DEEP. IT IS LINED WITH A THIN LAYER
OF LIGHT GREEN GLASS WITH A BUBBLY SURFACE. THERE IS A 1/4 MM WIDE WHITE HALO
ARGUND THE PIT, .

MINERALOGY. 1. ABOUT 15 PERCENT OLIVINE CLIGHT GREEN. ANHEDRAL CRYSTALS).

2. 1S PERCENT DARK REDDISH BROWN SUBHEDRAL PYROXENE. 3. 15 PERCENT ILMENITE.
4. 55 PERCENT POWDERY WHITE FELDSPAR.

CHIP C. 1.2 X 1.0 X 1.0 CM. HCLOCRYSTALLINE. MEDIUM GRAINED CRYSTALLINE ROCK.
ANGULAR.

MINERALOGY. 1. 40 PERCENT MILKY WHITE FELDSPAR WITH 2 MM LONG LATHS. SOME
PHENOCRYSTS UP TG 6 MM LONG. 2. LIGHT PINKISH BROYN SUBMEDRAL CRYSTALS UP TG
2 MM LONG. MOST ARE PARALLEL TG THE FELDSPAR LATHS. PYROXENE. 3. 20 PERCENT
LONG. THIN SHEETS OF ILMENITE. 0.1 MM THICK AND 2 MM LONG.

CHIP D. 1.3 X 2.0 X 1.0 CM. ANGULAR. FINE GRAINED HOLOCRYSTALL INE FRAGMENT.
FRACTURES PARALLEL TO SURFACE. IDENTICAL IN COMPOSITION AND TEXTURE TG CHIP 8.
CHIPE. 2.5 X 3.2 X 1.0 CH. FINE GRAINED CRYSTALLINE BASALT. AVERAGE CRYSTAL
SIZE 1S ABOUT 0.2 MM. CONSISTS OF 35 PERCENT FELDSPAR. 30 PERCENT REODISH BROWN
PYROXENE. 20 PERCENT ILMENITE AND 15 PERCENT OLIVINE. IT CONTAINS ONE SURFACE
PIT. 1 MM IN DIAMETER. LINED WITH PALE GREENISH YELLOW GLASS. A FRACTURE ACROSS
ONE CORNER OF THE ROCK IS IN LINE WITH A 0.5 MH WIGE VUG. THE VUG CONTAINS GOGD
CRYSTALS OF OLIVINE AND [LMENITE. ON ONE SIDE OF THE ROCK ARE SEVERAL PATCHES
UP TO 2 MM ACROSS. WHICH HAVE A DIKTYTAXITIC TEXTURE.

CHIP F. 1.4 X 1.0 X 0.7 CM. MEDIUM GREY. MEDIUM TO COARSE GRAINED HOLOCRYSTAL -
LINE., MINERALGGY. 1. S0 PERCENT WHITE TO COLORLESS FELDSPAR CRYSTALS. UP T0
2 MM LONG. 2. 40 PERCENT DARK REDDISH BROWN PYROXENE. UP TG 1.0 MM LGONG.

3. 10 PERCENT [LMENITE. 4. LESS THAN | PERCENT AMBER TO YELLOWISH BROWN SUB-
HEDRAL MINERAL. OLIVINE CQUESTION).
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Figure A-45. - Sample 12057; chips more than 1 centimeter in diameter
(NASA-S-69-60962).

Sample 12057-4

SAMPLE NO 12057.14  OPAQUES BRETT
1. ILMENITE
2. TROILITE
3. IRON
4. UNKNOWN BROWN PURPLE GREY OXIDE.
S. UNKNOWN PINK BROWN ETHER SULFIDE OR OXIDE
6. KHAKI COLORED PHASE
ILMENITE IN LATHS. COMMONLY SHOYING STRONG FRACTURING. RARELY AS ANHEDRAL
MASSES. RARE EXSOLUTION OF VERY SMALL AMOUNTS OF 4.
ILMENITE 15 ABOUT 85 PERCLNT GF OPAQUES.
IRGILITE IN IRREGULAR MAGSES. COMMONLY CONTAINING SMALL IRON BLEBS. NO
PARAGENES!S POSSIBLE EXCEPT ILMENITE EARLY,
IRON AS ABOVE. ALSO. AS IRREGULAR SCMEWHAT ROUNDED DISCRETE GRAINS.
UNKNOWN BROWN IN IRREGULAR GRAINS. LATH LIKE GRAINS AND AS POSSIBLE EXSOLUTION
IN ILMENITE. RARELY CONTAINS EXSGLUTION LAMELLAE ON A FINE SCALE OF GREY
PHASE. ILMENITE, _
TW0 GRAINS OF THIS PHASE. REFLECTIVITY APPEARS BETWEEN THAT OF A SULFIDE AND
OXIDE. ISGTROPIC.
ONE SMALL GRAIN OF KHAKI PHASE. NEXT TO ILMENITE. WEAKLY ANSOTROPIC.
FOLLGWING APPARENT COMPATIBILITIES SEEN.

1/ 7R /FE

471

4/ TR /FE

6/ 1

A FEW SMALL VEINS CONTAINING VERY FINE GRAINED I / FE / TROILITE. SUGGESTIVE OF
SHOCK VEINS.
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SAMPLE NGS. 12057.14 AND 12057.15 SECTIONS FRONDEL

MICROGABBRCS THAT HAVE BEEN SEVERELY SHOCKED (SEE PHOTOGRAPHS). SHOWS
GRANULATION. BENDING AND DISLOCATION OF TWIN LAMELLAE IN PLAGIGCLASE. ETC.
CRISTOBALITE PRESENT IN BOTH ROCKS., IN PART EUHEDRAL AND IN PART AS SKELETAL
CRYSTALS. THE ACCESSORY ILMENITE iS SMALLER AND MORE EQUANT IN HABIT THAN
USUAL.

SAMPLE NG. 12057.15 STANDARD THIN SECTION WILCOX
COARSE GRAINED SUBDIABASIC TEXTURE. WITH MUCH FRACTURING OF CRYSTALS (SHOCK).
BUT VERY LITTLE DIFFERENTIAL DISPLACEMENT. CRYSTALS AND PLATES UP T0 2 1/2 MM
LONG, SOME IN SUBRADIAL CLUSTERS.
APPROXIMATE MGDE.

CLINOPYROXENE 45 PERCENT

PLAGIOCLASE 40 PERCENT

OPAQUE OXIDE 10 PERCENT

CRISTOBALITE OR TRIDYMITE 4 PERCENT
CLINGPYROXENE OCCURS IN LONG CRYSTALS. INTENSELY FRACTURED. SOME WITH STRONGLY
DEVELOPED LAMELLAE TWINNING (FROM STRESS). COLOR ZGNED FROM VERY PALE BROWN
AT CENTERS TO BRCYNISH RED AT EDGES. OPTIC ANGLE POSITIVE. VARIABLE 0 TO 35
DEGREES. EXTERIOR ANGLE LARGE. ZAC NEAR 45 DEGREES OR GREATER.
PLAGIOCLASE APPEARS T0O BE CALCIC. PERHAPS AN70 TO AMSO0l EST. FROM RELIEF AND
HI EXTERIOR ANGLES. CRYSTALS ARE VERY LONG., WITH BROAD LAMELLAE TWINNING
MUCH SHATTERED BUT NGT SEPARATED.
OPAQUE GRAINS OCCUR IN LBNG CRGSS SECTIONS (PLATES) VERY DARK GRAY IN REFLECTED
LIGHT (FLASHLIGHT ON UNPQLISHED SURFACE]). (A FEW YELLOW REFLECTING SMALL
MASSES ARE SCATTERED THRQUGH THE RQOCK).
CRISTOBALITE OR TRIDYMITE. MASSES OF STRONG NEGATIVE RELIEF AND VERY LOW
VARIABLE BIREFRINGENCE ARE NOT UNCOMMON. THEY RANGE UP TO SEVERAL TENTHS CGF
A MM IN LENGTH AND HAVE GEOMETRICALLY STRAIGHT SIDES IN MANY CASES. THEY
HAVE A VERY PALE BROWN COLCOR. SURFACE TEXTURE [S WRINKLED. RETICULATED. REMINIS-
CENT OF CRISTOBALITE. SECTION ACROSS ONE MASS OF THIS MATERIAL ABQOUT 0.2 X 0.3
MM SHOWS INCLUSIONS OF PYROXENE AND OPAQUES.

o , _
Figure A-46. - Sample 12057-4 (NASA-S-69-61393).
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Sample 12057-5

SAMPLE NO. 12057.5 HARMON :

STEREQ MICROSCOPE EXAMINATIGNS OF AN APPROXIMATE | CM3 CHIP., A HOLGCRYSTALLINE
HIGHLY SHOCKED ROCK. MICROGABBRO.

MINERALOGY.

PHASES READILY IDENTIFIABLE ARE DESCRIBED AS FOLLOWS.

1. GROUNDMASS MATERIAL. VERY FINE GRAINED., WHITE COLCR. WITH A
SUGARY TEXTURE. SOME GRAINS LARGE ENOUGH TO BE SEEN UNDER 4X MAGNIFICATION ARE
LATH SHAPED. THE GROUNDMASS MATERIAL. ON THE WHOLE. APPEARS TO HAVE A PGOR TO
FAIR CLEAVAGE. A PLAGIOCLASE FELDSPAR. HIGHLY SHOCKED CAUSING THE
GRANULAR TEXTURE. A PLAGIOCLASE FELDSPAR 30 PERCENT.

2. MAJOR MINERAL PHASE PRESENT. GRAIN SIZE RANGING UP TG 1 MM. A BROWN
GREEN COLOR. LARGER CRYSTALS $HOW GOOD CLEAVAGE, MOST GRAINS ARE HIGHLY
FRACTURED. CLINCPYROXENE APPROXIMATELY S0 PERCENT.

3. SECOND MAJOR MINERAL PRESENT. VERY PLATY HABIT. WITH A BLACK COLOR,
THESE GRAINS CROSSCUT ALL OTHERS AND THE PLATES RANGE UP T0 6.3 CM N
LENGTH., ILMENITE APPROXIMATELY 1S PERCENT.

4. ACCESSORY PHASE. COLORLESS. CLEAR., OCCURRING IN EQUANT GRAINS USUALLY
VERY ANGULAR WITH A SEMICONCHOIDAL FRACTURE. ANCRTHITE FELDSPAR APPROXIMATELY
S PERCENT.

Figure A-47. - Sample 12057-5 (NASA-S-69-61395).

Sample 12057-6

SAMPLE NO 120S57.17 THIN SECTION FRONDEL

COARSE GRAINED MICROGABBRO. WITH CLINOPYROXENE, ANORTHITE. ILMENITE. ABUNDANT
CRISTOBALITE AND VERY LITTLE OR NO OLIVINE. A FEW GRAINS OF AN UNIDENTIFIED
PALE YELLOW MINERAL WERE OBSERVED. NOT PLEGCHROIC,
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SAMPLE NOS. 12057.18 AND 12057.17 THIN SECTION FRONDEL

OBSERVATIGNS ON CRISTOBALITE IN SAMPLES.

CRISTOBALITE IS ABUNDANT IN THESE MICROGABBRGS. IT IS GENERALLY EUHODRAL TO SUB
HEDRAL AND RANGES IN GRAIN SIZE UP TO ABOUT 0.5 MM, THE CRYSTALS WERE
ORIGINALLY HIGH CRISTOBALITE THAT HAVE INVERTED TO A MICROGRANULAR AGGREGATE
OF LO¥W CRISTOBALITE. THERE IS A CONSIDERABLE DEGREE OF PREFERRED ORIENTATION
IN THE GRAINS OF THE INVERSION PSEUDOMCRPHS. AS SHOWN BY THE NEARLY UNIFORM
EXTINCTION BETWEEN CROSSED NICOLS AND BY THE PARALLEL ALIGNMENT OF INDIVIDUAL
SETS OF INVERSION TWINS. THE HIGH CRISTOBALITE CRYSTALS APPEAR TO BE OCTA-
HEDRONS FLATTENED ON A (111) FACE. SOME CRYSTALS WERE HEXAGOREAL IN OUTLINE
WITH LATERAL EDSES ALTERNATELY SLOPING UP AND DOWN.) LATERAL SECTIONS THROUGH
THESE TABULAR CRYSTALS ARE ELONGATE. GENERALLY WITH SIX EDGES COR FACES).
TRIDYMITE WAS NOT IDENTIFIED WITH CERTAINTY [N THESE ROCKS ALTHOUGH IT GCCURS
TOGETHER WITH CRISTOBALITE IN APOLLO 11 ROCKS., CRISTOBALITE ALSO WAS OBSERVED
TO OCCUR IN SKELETAL CRYSTALS RESEMBLING FOUR LEAFED CLOVERS (SEE PHOTQGRAPHS
OF THESE AND OF QTHER CRISTGBALITE CRYSTALS).

Figure A-48. - Sample 12057-6 (NASA-S-69-61406).
Sample 12057-7

SAMPLE NO. 12057.13 THREE CHIPS 12057.7 1.9 GRAMS HARMON

BINGCULAR MICROSCOPE EXAMINATION AND IMMERSIOGN OIL GRAIN MOUNTS. THE CHIP IS
HOLOCRYSTALLINE. WITH A GRANULAR TEXTURE. GRAINS OF ALL HINERAL PHASES PRESENT
ARE GENERALLY EQUANT WITH GRAIN SIZE RANGING UP TO 0.2 MM. THE CHIPS ALL HAVE
A VERY FRESH LOOKING APPEARANCE. SMALL (0.1 TO 0.5 MM) IRREGULAR CAVITIES
(VUGS) ARE PRESENT IN ALL OF THE CHIPS BUT NO INCREASE IN GRAIN SIZE OF THE
MINERALS SURROUNDING THESE CAVITIES IS GBSERVED. ONE OF THESE CHIPS SENT FOR
AA CHEMICAL ANALYSIS.

MINERALOGY.

THE SAMPLE 1S BASICALLY COHPOSED OF FOUR MINERAL FHASES. THREE PRIMARY PHASES
AND ONE ACCESSORY PHASE,

1. A MILKY WHITE TO COLORLESS MINERAL. GENERALLY EQUANT TO LATH SHAPED.
OCCURRING IN AGGREGATES. TW0O POOR FAIR CLEAVAGES., THE MILKY WHITE GRAINS ARE
ALWAYS SMALLER AND MORE FRACTURED THAN THE CLEAR. COLORLESS GRAINS. INDEX OF
REFRACYION APPROXIMATELY 1.57. GRAIN SIZE UP TO 0.2 MM, EXCELLENT POLYSYNTHETIC
TWINNING FELDSPAR (ANORTHITE) APPROXIMATELY 35 PERCENT,
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A. A COLORLESS MINERAL., OCCURS AS PLATELETS IN PARALLELGGRAM AND
POLYGONAL SHAPES., THE BASE CLEAVAGE IS EXCELLENT. GRAIN SIZE IS GENERALLY
LARGER THAN THAT OF THE FELODSPAR DESCRIBED ABOVE. RANGING UP TO 2.0 MM. INDEX OF
REFRACTION LESS THAN 1.48. ISOTOPIC WITH ABUNDANT INCLUSIONS. CMAY BE A SHOCKED
FELDSPAR. MORE ACIDIC THAN THE PURE ANORTHITE) APPROXIMATELY S PERCENT.
PRIMARILY OCCURRING IN THE VUGS IN THE ROCK NOT SEEN AT ALL IN THE GROUNDMASS,
THIS MAY BE A CONTAMINANT,

2. A HONEY YELLOW TO BROWN MINERAL. GENERALLY EQUANT GRAINS. GRAIN SIZE
RANGES UP TO 0.5 MM, SOME GRAINS SHOW A POOR/FAIR CLEAVAGE AND OTHERS HINTS
OF A PRISMATIC HABIT. INDEX OF REFRACTION GREATER THAN OR EQUAL TO 1.71.
MODERATE BIREFRINGENCE. EXTINCTIGN ANGLE APPROXIMATELY 35 PERCENT. (CLINO-
PYROXENE/PIGEONITE) APPROXIMATELY 40 PERCENT.

3. A BLACK OPAGUE MINERAL. GRAINS ARE IRREGULARLY SHAPED. GRAIN SIZE
RANGES UP TO 1.0 MM wWITH MOST GRAINS ABOUT 0.5 MM. MUCH SMALLER GRAINS OCCUR
AS INCLUSIONS IN ALL THE OTHER MINERAL PHASES PRESENT. SOME GRAINS HAVE A
PLATY HABIT. C(ILMENITE) APPROXIMATELY 20 PERCENT.

4. A GREEN MINERAL. GRAINS ARE EQUANT WITH GRAIN SIZE AVERAGING ABOUT
0.5 MM. ONE GRAIN OBSERVED $HOYED ELONGATION INTO A PRISMATIC HABIT WITH THE
LONG AXIS 2X THE OTHER AXIS. MOST GRAINS HAVE INCLUSIGNS OF THE BLACK OPAQUE
MINERAL. FRACTURING IS SEMI CONCHOIDAL. INDEX OF REFRACTION GREATER THAN 1, 7%
COLIVINE) APPROXIMATELY S PERCENT.

SECTION 120057,18 CHIP FROM ROCK 1 TO 6 IN DOCUMENTED BOX.

W. R, GREENWOOGD DECEMBER 6. 1369

A MEDIUM FINE GRAINED HCLOCRYSTALLINE ROCK CAVERAGE GRAIN SIZE APPROXIMATELY
1 MM) WITH TRACHYTIC TEXTURE. COMPOSED OF

. LIGHT SALMON CLINOPYROXENF &0 PERCFNT

2. PLAGIOCLASE / AN APPROXIMATE 75 PERCENT APPROXIMATELY 3 PERCENT
3. ILHENITE 7 PERCENT

4, LIGHT YELLOW GREEN ORTHOPYROXENE APPROXIMATELY 3 PERCENT

S. OLIVINE APPROXIMATELY 2 PERCENT

6. CRISTOBALITE APPROXIMATELY 2 PERCENT

7. ACCESSORIES. RUTILE AND REACT. ZONES APPROXIMATELY | PERCENT
THE CLINOPYROXENE AND THE PLAGIGCLASE ARE COMPOSITIONALLY ZONED.
OLIVINE IS COMMONLY FOUND AS CORES OF CLINOPYROXENE CRYSTALS WITHOUT A REAC.
OF RIM. WHERE ORTHOPYROXENE IS HANDED IN PART BY CLINOPYROXENE AND IN PART BY
PLAGIOCLASE A COMPLICATED REACTION ZONE IS FORMED BETWEEN BOTH THE PYROXENES
AND BETWEEN ORTHPYROXENE AND PLAGICGCLASE. THE INTERGROWTH INCLUDES A CLEAR
LOY BIREFRINGENT HIGH RELIEF GLOBULAR TO SAUSAGE SHAPED MINERAL WHICH GROWS IN
THE PLAGIOCLASE AND IN THE PYROXENE.
THE HIGH RELIEF MINERAL IS ENCLOSED IN A LOW RELIEF AND BIREFRINGENT ZONE IN THE
PLAGICCLASE. A FIBROUS, FINE GRAINED. INTERGROWTH OF A HIGH RELIEF AND BIRE-
FRINGENT MINERAL AND OPAQUES REPLACE ORTHOPYROXENE. CRISTOBALITE 1O HAVE
CRYSTALLINE FROM THE RELIEF LIQUID INTO WHICH THE LAST PLAGIOCLASE WAS GROWING
ALTERNATIVELY IT COULD BE ON SOLED STATE REPLACEMENT GROWTH.
ONE LATH OF PLAGIOCLASE APPEARS TO NUCLEATE OR AND GROW PARALLEL TG 80TH SIDES
OF A CLINGPYROXENE BLADE WITH INCREASING SODIUM CONTENT THROUGH TIME. LATHS
OF CLINOPYROXENE TEND TO GROW FROM COMMON NUCLEATION CENTERS TO DEFINE SECTIONS
OF CRYSTALLIZATION. THESE NUCLEATION POINTS MAY HAVE BEEN CRYSTALS OF GLIVINE
AND ORTHOPYROXENE IN THE MELT. SIMULTANEOUS GROWTH OF PLAGIGCLASE ON THE
CLINOPYRGXENE PRODUCED LONG BLADES WHICH TEND TO DOMINATE LOCAL TEXTURE C(UP 10
1 CM ACROSS). DIFFERENT NUCLEATION CENTERS HAVE DIFFERENT ORIENTATION PATTERNS.
PERHAPS DUE TQ OUT EFFECT. THE BOUNDARY ZONE BETWEEN THE NUCLEATIGN SECTORS HAS
MORE COMPLICATED INTERGROWTHS OF CLINOPYRGXENE AND PLAGIOCLASE AND SOME SHEARING
AND RECRYSTALLIZATION ALSO PERHAPS A HIGHER CGNTENT OF CRISTOBALITE.
CRISTOBALITE CONTAINS TINY SAUSAGE SHAPED RED BROWN HIGH RELIEF iNCLUSION THAT
MAY BE RUTILE.
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SAMPLE NO. 12037.18 HARMON

THIN SECTION EXAMINATION OF A CHIP OF 12057.17 UNDER THE PETROGRAPHIC MICRO-
SCOPE.

THE SAMPLE 1S HGLOCRYSTALLINE WITH A MEDIUM TO MECTUM COARSE GRAIN SIZE WITH
FIVE MAJOR MINERAL PHASES PRESENT. SOME SMALL CAVITIES AND FRACTURES PRESENT.

1. PLAGIOCLASE FELDSPAR. GENERAL GCCURRENCE 1S LATH SHAPED GRAINS ¥WITH
VERY IRREGULAR BOUNDARIES . OFTEN GRAINS ARE VERY MUCH ELONGATED IN ONE
DIRECTION. MANY OF THE GRAIN BOUNDARIES OF THE FELDSPARS ARE CUT BY ALL OF THE
OTHER PHASES PRESENT. BUT IN SOME CASES FELDSPAR GRAINS ENCLOSE PYROXEMNE GRAINS.
SOME OF MGRE ELONGATE GRAINS RANGE UP TG GVER 1 MM IN LENGTH WITH THE AVERAGE
GRAIN SIZE BEING ABOUT 0.5 MM. MOST GRAINS SHOW TYPICAL FELDSPAR TRWINNING AND
DG NOT APPEAR TOO SHOCKED. NO PREFERRED ORIENTATION OF THE FELDSPAR GRAINS WAS
NOTED.

2. CLINOPYROXENE . GENERAL OCCURRENCE IS IN EQUANT TO PRISMATIC GRAINS.
MANY OF THE GRAINS SHOW MORE HIGHLY DEVELOPED CRYSTAL FORMS THAN THE FELDSPAR
INDICATING AN EARLIER CRYSTALLIZATION. SOME GRAINS REACHING 1 MM IN SIZE ARE
PRESENT. BUT THE AVERAGE GRAIN SIZE IS ABOUT 0.3 MM,

3. OPAQUE OXIDE CILMENITE). GENERAL OCCURRENCE IS IN PLAYTY TO
IRREGULARLY SHAPED OPAQUE GRAINS. THE LARGER BETTER DEVELOPED GRAINS ARE 0.2
TO 0.3 MM LONG AND CUT ACROSS ALL OTHER PHASES PRESENT.

4. OLIVINE. A VERY FEW EQUANT. HIGHLY BIREFRINGENT GRAINS ¥ERE OBSERVED:
SEMI CONCHOIDAL FRACTURING, WITH GRAIN SIZE AVERAGING ABOUT 0.2 MM,

S. CRISTOBALITE. GENERALLY OCCURS AS BOTH INTERSTITIAL MATERIAL AND AS
INOIVIDUAL GRAINS, LOWLY BIREFRINGENT. CHARACTERISTIC TWINNING AND GENERAL
MOTTLED APPEARANCE. SOME LARGER GRAINS RANGE UP TO 0.3 MM.

TWO PGINT COUNTS OF S00 POINTS WAS CONDUCTED WITH TRE FOLLOWING RESULTS.

NUMBER POINTS PERCENTAGE
PLAGIOCLASE FELJSPAR 143 29.0
CLINCPYROXENE 252 50.4
OPAQUE 63 i0.3
OLIVINE 13 2.6
CRISTOBALITE 17 3.5
¥G10 SPACES 10 2.0
PLAGIOCLASE FELDSPAR 131 26.2
CLINOPYROXENE 243 48.6
OPAQUE 60 12.0
OLIVINE 33 6.6
CRISTOBALITE 24 4.8
V31D SPACES 12 2.4

SAMPLE NO. 12057.18 STANDARD THIN SECTION (FROM CHIP 7] WILCOX
THIS IS A COARSE GRAINED CRYSTALLINE ROCK WITH MUCH CLINOPYROXENE AND CALCIC
PLAGIOCLASE. LESS GPAQUE GXIDE AND GLIVINE. AN UNKNOWN GREEN MINERAL IS
PRESENT [N SMALL QUANTITY,
MODE (VERY APPROXIHMATE)

CLINOPYROXENE 40 PERCENT

PLAGIOCLASE 30 PERCENT

OPAQUE 15 PERCENT

OLIVINE 10 PERCENT

UNKNOWN GREEN MINERAL 3 PERCENT

CRISTOBALITE 2 PERCENT

UNKNOWN GREEN MINERAL AS SCATTERED STUBBY CRYSTALS HAS PALE BOTTLE GREEN 7O

PALE YELLOW GREEN PLEOCHROISM IN THIN SECTION, POSSIBLY 2 CLEAVAGES AT ABOUT

90 DEGREES. PARALLEL EXTINCTION. STRONG POSITIVE RELIEF, STRONG BIREFRINGENCE
{NEAR 0.04) AND OPTIC ANGLE 2¥ NEGATIVE. SMALL (LESS THAN 30 DEGREES). IT

SHOWS REACTION IN CONTACT WITH CLINOPYROXENE ANDO PLAGIOCLASE. IN REFLECTED
LIGHT CFLASHLIGHT) THESE CRYSTALS ARE PALE POWDERY WHITE. AS 1F DECOMPOSING,
CLINGPYROXENE IS MOSTLY IN LONG CRYSTALS SLIGHT BROWN REDDISH COLOR. PLEOCHROISM
WEAK OR ABSENT. SCME FAINT ZONING OF COLOR. SOME BUNDLES AND ROSETTES OF

THIN CRYSTALS IN PLAGIOCLASE. OF SEVERAL 2V £STIMATES NONE WERE LOWER THAN 40
DEGREES. SLIGHTLY HIGHER BIREFRINGENCE ON RIMS OF SOME CRYSTALS.
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PLAGIOCLASE ELONGATE. NOT STRONGLY EUHEORAL. ONLY MILD PROGRESSIVE ZONING
CALCIC COMPOSITION (BETWEEN ANBOQ TO AN S0J.

OLIVINE NEARLY COLORLESS., PRESENT AS CORES AND RELICS. NON EUHEDRAL. ¥WITH
OVERGROWTHS OF CLINOPYROXENE,

OPAGUE GRAINS MANY ELONGATE PLATES. DARK GRAY COLOR IN REFLECTED LIGHY (FLASH
LIGHT). THERE ARE A FEW SCATTERED BRIGHTLY REFLECTING GRAINS.

CRISTOBALITE NOT EXAMINED IN DETAIL.

SAMPLE 12057.18 OPAQUES BRETT
1. ILMENITE
2. TROILITE
3. IRON
4. PURPLE BROWN PHASE
S$. BLUISH PURPLE GREY PHASE
ILMENITE LATHS. SCARCELY FRACTURED COMPARED TO 12057.14. NO EVIDENCE
OF EXFOLIATION,
TROILITE. AS FOR 12057.14.
IRON. AS FOR 120357.14.
PURPLE BROWN. PROBABLY SAME PHASE AS (43 IN 12057.14., CHARACTERISTICALLY
CONTAINS CORE OF BLUISH PURPLE GREY. ONLY OCCURRENCE OF BLUISH PURPLE. THIS MAY
B8E ZONING., NO NEW PHASE OR EXSOLUTION. PHASES APPEAR TO GRADE INTO ONE ANQOTHER.
SURELY THE SAME STRUCTURE IF NOT THE SAME HINERAL.
17 TR/ FE

Figure A-49. - Sample 12057-7
(NASA -S5-69 -61390).

Sample 12057-8

SAMPLE NO. 12057.8 SHMITH

DIMENSIONS 12.6 X 10.08 X 6.3 MH COLOR. GREENISH GRAY SPECKLED.

FRACTURED AND FRIABLE. PERHAPS FROM ARTIFICAL BREAKAGE. RECOGGNIZABLE MINERALS
FROM STERED MICROSCOPE EXAMIMNATION ARE OLIVINE 30 PERCENT. CLINGPYROXENE 49
PERCENT, PLAGICCLASE 25 PERCENT. OPAGQUES 5 PERCENT,

OLIVINE GCCURS IN CLEAR OLIVE YELLOVY GREEN APPROXIMATELY EQUANT CRYSTALS
RANGING FROM .25 TO 3.8 MM. THE OLIVINE GRAINS CCNTAIN TINY OPAQUE INCLUSIONS
.05 TO .07S MM IN DIAMETER.

CLINOPYROXENE GCCURS IN CLEAR PALE CINNAMGN BROWN CRYSTALS 6.6 TO 7.5 MM LONG.
THE LARGER CRYSTALS POIKILITICALLY ENCLOSE GLIVINE AND THE OTHER MINERALS,
PLAGIOCLASE OCCURS IN LATH L IKE AND GRANULAR MASSES 0.6 70 2.5 MM LONG HOSTLY
CLEAR TO MILKY TRANSLUCENT. POLYSYNTHETIC TWINNING READILY VISIBLE.
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OPAQUE MINERALS ARE OF AT LEAST TWO TYPES.

1. TINY GRAINS .05 10 .07S MM INCLUDED IN BLIVINE AND

2. LARGER GRAINS UP TO 1 MM OCCURRING AS A MAJOR MODAL MINERAL.
ONE SMALL AREA OF THE FRAGMENT SHOWS A TINY DARK GREY BROWN GLASS SPLASH ABOUT
- 05 MM IN DIAMETER,

Figure A-50. - Sample 12057-8
(NASA-5-69-61388).

Sample 12057-9

SAMPLE 12057.2!
¥. R. GREENWQOOD ODECEMBER 6. 1369 OLIVINE GABBRC CHIEF DESCRIPTICN
A HOLOCRYSTALLINE EQUIGRANULAR RGCK COMPOSED OF

QLIVINE 45 PERCENT

CLINOPYROXENE 30 PERCENT

PLAGIOCLASE 20 PERCENT

OPAQUES S PERCENT
GLIVINE IS EUHEDRAL. SOME CRYSTALS HAVE CORES OF PYROXENE,
PYROXENE AND OLIVINE FORM AGGREGATE CLUSTERS WITH THE INTERVENING AREA FILLED
WITH PLAGIQCLASE.
PLAGIOCLASE 1S ABOUT AN 64.
THE OVERALL TEXTURE APPEARS ENVEALED. NO 0BVIOUS ZONING WAS SEEN IN PLAGIGCLASE
OR PYROXENE. THE TEXTURE 1S SIMILAR TO COMULATE TEXTURES IN THE STILLWATER.
PYROXENE SHOWING TWINNING AND OR BINDING. OLIVINE CONTAINS NEGATIVE CRYSTALS.
SOME OF WHICH ARE FILLED WITH FINE CRYSTALLINE INTERGROWTHS. SOME APPEAR EMPTY.
THIS RGCK MAY BE THAT FROM WHICH THE ANORTHOSITE WAS EXTRUDED.

SAMPLE 12057.21 HARMON
A 100 POINT COUNT OF THE SECTION WAS MADE WITH THE FOLLOWING RESULTS.
PLAGIOCLASE 21 POINTS 21 PERCENT
CLINOPYROXENE S3 POINTS 58 PERCENT
GPAGQUE OXIDE 7 POINTS 7 PERCENT
VOID SPACE 4 POINTS 4 PERCENT
OLIVINE 9 POINTS 8 PERCENT
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SAMPLE NO. 12057.21 STANDARD UNPOLISHED THIN SECTION WILCOX
COARSE OLIVINE RICH., CLINOPYROXENE. PLAGIOCLASE GRANULAR ROCK.
APPROXIMATE MCDE.

OLIVINE S5 PERCENT

CLINCPYROXENE 20 PERCENT

PLAGIOCLASE 20 PERCENT

OPAQUE S PERCENT
OLIVINE HAS FAINT COLOR, BROWNISH YELLOW ON THIS SCOPE. HAS 2V APPROXIMATELY
90 DEGREES (SEVERAL OPT EX SECTIONS). LITTLE CLEAVAGE. GOOD UNIFORM EXTINCTION.
INCLUSION OF VERY DARK GLASS AND CRYSTALLINE MATERIAL. OFTEN SHOWING CRYSTAL
FORM. (SOME OF THESE SHOW UP AS NEGATIVE CRYSTALS CONTAINING TRUE QOPAGQUE
INCLUSION. USING REFLECTED LIGHT (FLASHLIGHT). OTHER INCLUSIONS ARE OPAGUE
OXIDE AND CLINOPYROXENE.
CLINGPYROXENE HAS FAINT COLOR. REDDISH BROWN. NOT MUCH MORE INTENSE THAN THE
OLIVINE, EXCEPT ONE CASE OF DISTINCT PLEOCHROISH TO BROWNISH LAVENDER AT
EDGE OF ONE CRYSTAL. OSOME TYWINNING, HAS A 2V VERY SMALL (S5 DEGREES TO 30
DEGREES) IN SEVERAL FAVGRABLE SECTIONS. VARIABLES IN SOME CRYSTAL. NO LARGE
2V OBSERVED. EXTINCT ANGLE LARGE (S50 DEGREES AIC)., MODERATELY ZONED AS SEEN
NEAR QPTIC AX1S SECTIGN.
PLAGIGCLASE HAS BROAD TWIN LAMELLAE. SOME STREAKS OF INCLUSIONS. OTHERWISE
OPTICALLY HOMGGENEGUS AND UNZONED. HAS POSITIVE RELIEF 8UT NOT HIGH. AS SEEN ON
THIS MICROSCOPE. HAS EXT. ANGLE LARGE. BUT NO STRATEGIC SECTIONS FOUND FOR
AN CONTENT. WITHIN THE WIDE LIMITS ALLOWED UNDER TRESE CONDITIONS OF
ILLUMINATION THIN PLAGIOGCLASE MIGHT BE SOMEWHERE BETWEEN AN 60 AND AN 390.
OPAQUE OXIDE HAS VARIQOUS FORMS, NEARLY EQUANT TO LONG

Figure A-51.- Sample 12057-9
(NASA-S-69-61403).
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Sample 12057-11

SAMPLE NO. 12057.12 SMITH
ONE LARGER (5.0 X 4.4 X 3.2 MM) AND THREE SMALLER (LESS THAN 2.5 MM) CHIPS.
DARK GRAY BLACK VESICULAR ROCK PORPHYRITIC WITH SPHERICAL VESICLES RANGING
FROM .63 MM DOWN T0O LESS THAN .025 MM. THE LARGEST CRIP HAS ONE ROUNDED QUTER
SURFACE WITH A PATCH OF CHALKY WHITE FELDSPAR THAT MAY REPRESENT AN EXPQSED
OUTER SURFACE I[N THE LUNAR ENVIRONMENT. THE CHALKY WHITE PATCH APPROXIMATELY
1.0 X 1.5 MM CONTAINS TINY AREAS OF MORE CLEAR PALE YELLOWISH CRYSTALLINE
MINERAL.
ONE OF THE SMALLER CHIPS SHOWS A TINY GLASS LINED PIT,
ALL CHIPS CONTAIN PLAGIOCLASE AS PHENOCRYSTS OR XENOCRYSTS UP TQ .6 MM LONG.
ONE PALE YELLGW QLIVINE PHENOCRYST APPROXIMATELY .4 MM WAS REMOVED AND CHECKED
OPTICALLY (SEE BELOW).
PETROGRAFHIC EXAMINATION QOF GRAINS SHOWS THE PLAGIOCLASE (N GREATER THAN 1.55)
TO BE XENOCRYSTIC IN A GROUNDMASS OF DARK BROWN GLASS (N GREATER THAN 1.5513.
FELOSPAR LATHS AND MINCR OLIVINE AND PYRGXENE. PLAGIOCLASE SHOWS BOTH POLY-
SYNTHETIC TWINNING AND ZONING. THE GROUNDMASS MINERALS ARE LIGQUIOCUS CRYSTALS
OR MICHOLITE. NGT DEVITRIFICATION PRODULCTS.
OPTICS INDICATE

OLIVINE - FC LESS THAN 80. PERHAPS ABQUT 70,

PLAGIOCLASE - AN ABQUT 65

GLASS - N GREATER THAN 1.57.

SAMPLE NGO, 12057.23 BRECCIA CHIP WILCOX

THIS APPEARS TO BE A BRECCIA OF SEVERAL GENERATIONS OF CLASTS. HEALED AND
REMELTED TO VARYING EXTENTS. PREDOMINANT FRAGMENTS ARE CALCIC PLAGIGCLASE.
CLINOPYROXENE AND AGGREGATES OF SAHME. IN SERIAL SIZE DISTRIBUTICN FROM ABOUT
1.5 M4 DOWN TO IRRESOLYABLE PARTICLES.

ONE PROMINENT CLAST ABCUT 4 MM GIAMETER IS MADE UP CHIEFLY OF CALCIC PLAGIO-
CLASE FRAGMENTS. [IN THIS MASS IS ONE ROUNDED FRAGMENT OF SANIDINE ABOUT 0.3 MM
CIAHETER. IT HAS LOW NEGATIVE RELIEF. 2¥ NEGATIVE. ABOUT 20 DEGREES. AND LOW Bl
REFRINGENCE. ONE GOOD CLEAVAGE SHOWN. POSSIBLY A SELOND CLEAVAGE PRESENT.
OEVELOPING IN THE PERIPHERY ARE SMALL MASSES OF HIGHER POSITIVE RELIEF AND
HIGHER BIREFRINGENCE THAN THE HOST SANIDINE. AND THESE RESEMBLE THE PRE-
OOMINANT CALCIC PLAGIOCLASE OF THE ROCK.

ANOTHER CRYSTAL FRAGMENT NEAR EDGE OF SLIDE SHOWS MODERATE NEGATIVE RELIEF. LOW
BIREFRINGENCE. FAR OFF CENTER FIGURE POSSIBLY NEGATIVE SIGN, (THE MODERATE
NEGATIVE RELIEF ARGUES AGAINST SANIDINE FOR THIS FRAGMENT).

ADDENDUM TO NOTE OF 12/9/69 ON THIS THIN SECTION.

[N THE SAME BRECCIA FRAGMENT AS THE SANIDINE REFERRED TO ALREADY ARE SEVERAL
CLOTS OF STRONG NEGATIVE RELIEF., VERY LCW BIREFRINGENT MATERIAL (CRISTOBALITE/
TRIDYMITE) IN WHICH ARE SET NUMEROQUS STUBBY CRYSTALS OF POSITIVE RELIEF
(PYROXENE). THESE MAY BE VUG FILLINGS. BUT THE ARRANGEMENT OF PYROXENE
CRYSTALS IN SOME CLOTS IS REMINISCENT OF THAT IN GHQSTS OF QUARTZ XENOCRYSTS
IN SCHME BASALTS,

FURTRER ADDENOUM. IN REGARD TO THE SILICA-RICH CLOTS MENTIOGNED IN MY NOTE

OF DECEMBER 11. A FURTHER POSSIBLE ORIGIN TG BE CONSIOERED. AND ONE WHICH
SEEMS MORE PLAUSIBLE THAN THOSE 2 PREVIOQUSLY SUGGESTED. WOULD BE THAT THEY ARE
RELICS OF SILICA-RICH GLASS FRAGMENTS IN THE BRECCIA. SUCH GLASS COULD
LIGUIFY READILY ON REHEATING OF THE ROCK WHITE THE PREDOMINANT CALCIC PLAGIO-
CLASE AND THE SCATTERED QLIVINE AND PYROXENE FRAGMENTS REMAINED ESSENTIALLY
UNAFFECTED. SUBSEGQUENT SLOY¥ COOLING WGULD RESULT IN THE FELOSPAR-TRIDYMITE
MASSES OBSERVED.
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SAMPLE NO. 12057.23 CHAQ
TRIANGULAR-SHAPED THIN SECTION COVERED. 1T IS A BRECCIA EMBEDDED IN A RE-
CRYSTALLIZED VESICULATED MELT.

VESICULAR DARK FINE-GRAINED GROUNOMASS WITH NUMEROUS FELDSPAR CHIPS BOTH
ANGULAR AND ROUNDED. AND A LARGER FRAGMENT OF BRECCIA THAT 1S RICH IN FELOSPAR.
A FEY SMALLER ROUNDED BRECCIA FRAGMENTS ALSO INCLUDED. THE ABUNDANCE OF FELD-
SPAR-RICH ROCK FRAGMENTS 1S WORTH NOTING.

THE VESICULAR DARK GROUNDMASS CONSISTS OF SMALL LATH-SHAPED CRYSTALS OF LOW
BIREFRINGENCE PRGBABLY FELDSPAR ANQ FINE-GRAINED MAT OF PRGBABLY PYROXENE.

A FE¥ VESICLES 0.6 TO 1.4 MM ACROSS SPACED 1 TG ABOUT 3 MM APART. CHIP SIZE
FROM ABOUT 20 MICRO UNITS TO 1.5 MM THE LARGE FRAGMENT IS S X 5 MM, SEE MENTION
OF SANIDINE CQUESTIGN) IN THIS BRECCIA BY WILCOX.

THE BRECCIA SEEMS EMBEDDED IN A VESICULAR GLASS WHICH HAS RECRYSTALLIZED.
THE THIN LAYER OF GLASS ARGUND THE LARGE BRECCIA (OLD) FRAGMENT IS A COMHMON
OGCCURRENCE AMONG IMPACT-PRODUCED BRECCIAS.

THE ROUNDING OF SGME OF THE FRAGMENTS MAY HAVE BEEN PRODUCED PRIOR TO
INCLUSION IN THE MELT SINCE SMALLER FRAGMENTS APPEAR T0 RETAIN SHARP ANGULAR
SHAPE.

THE ABUNDANCE CF GRAGMENTS [N THE RECRYSTALLIZED GLASS IS PERHAPS UNUSUAL.
ONE TWINNED PLAGIOCLASE FRAGMENT SHOW LAMELUAR MICROSTRUCTURE OF PROBABLE SHOCK

ORIGIN.
THE BRECCIA 1S PROBABLY AN IMPACT BRECCIA. THE RECRYSTALLIZED GLASS 12
PROBABLY PRODUCED BY IMPACT. [ FIND IT DIFFICULT TO ABSOLUTELY RULE CUT THC

POSSIBILITY THAT SUCH PULVERIZED ROCK CHIPS COULD NOT HAVE BEEN CAUGHT IN A MELT
MAGHMATIC CGRIGIN.

SAMPLE 12057.23 OPAQUES ROBIN BRETT
ROCK IS BRECCIA AND CONTAINS UNCOMMONLY LOW CPAQUE CONTENT. A FEW ILMENITE
GRAINS AND METAL BLEBS REMINISCENT GF METAL IN IMPACTITES.

SAMPLE NO. 12057.23 THIN SECTION FRONDEL

A POLYMICT MICROBRECCIA. ON THE WHOLE THE ROCK APPEARS TO BE MORE FELOSPATHIC
“THAN THE APOLLO 11 MICROBRECCIAS. THE LATTER ALSO CONTAINED MORE LITHIC
FRAGHMENTS OF IGNEOUS ROCK TYPES INCLUOING BOTH GABBROIC AND BASALTIC TYPES AND
ALSO MORE GLASS. A FRAGMENT OF A CURIOUS ROCK TYPE WAS @BSERVED THAT CONTAINED
ELONGATE TINY FELDSPAR CRYSTALS AND THAT MAY BE A DEVITRIFIED GLASS.

¥. R. GREENWOOD DECEMBER 6. 1969 THIN SECTION 12057.23

VESICULAR CRYSTAL AND ROCK FRAGMENT PYROCLASTIC ROCK. SIMILAR IN APPEARANCE

TO IMPACTITE FROM METEQR CRATER., ARIZONA.

THE MATRIX CA) OF THE ROCK 1S A FINE INTERGROWTH OF CRYSTALS AND BRUOWN GLASS
PRGBABLY PYROXENE. PLAGIOCLASE AND ILMENITE. THIS MATRIX VARIES IN GRAIN SIZE
FROM ONE EDGE AT 100U OR SO TO THE INTERIOR AT (30U.

PYROXENE FRAGMENTS COLIVINE MAY ALSO BE PRESENT / INSPECTION T0O BRIEF TO TELL)
CONSTITUTE ABOUT 20 TO 30 PERCENT OF THE FRAGMENTS IN THE MATRIX (A)., PLAGIO-
CLASE FRAGMENTS DOMINATE. THE PLAGIOCLASE AND PYROXENE LATHS WHICH ARE CRYSTAL-
LIZED GUT OF THE MATRIX (A} FORM AN INTERGROWTH WHICH IS SIMILAR TO THE MATRIX
OF IMPACTITE FROM METEOR CRATER. ARIZ. MATRIX (A} INCLUDES A LARGE UNIT OF
MATRIX (B) COMPGSED OF PLAGIOCLASE CRYSTAL FRAGMENTS AND ALMOST DEVEID OF
PYROXENE OR OLIVINE. MATRIX (3) CONTAINS A ROCK FRAGMENT OF ANORTHESITE.
MATRIX (B) ALSO CONTAINS ONE LARGE RCUNDED CRYSTAL FRAGMENT YHICH WILCOX
INOICATES HAS PARADINE GPTICS. A LARGE PLAGIOQCLASE CRYSTAL FRAGMENT IN MATRIX
CB) ACTS AS A NUCLEATION POINT FOR PLAGIOCLASE CRYSTALS WHICH GRO¥ QUT INTO THE
MATRIX. NO PYROXENE WAS OBSERVED IN A BRIEF INSPECTION OF THE CRYSTALS

GROWING IN THE MATRIX (BJ). ALSO THE MATRIX (B) LACKS THE BROWN COLOR OF MATRIX
CA). THE LARGE PLAGIBCLASE CRYSTAL HAS BEEN SHEARED AND GRANULATED IN PLACE IN
MATRIX (B)., SUGGESTING THAT MATRIX (B) WAS BROKEN UP BEFORE INCLUSION IN MATRIX
(A)}. NO GLASS SPHERES OR GLASS FRAGMENTS WERE SEEN IN EITHER MATRIX (A) QR (B).
ONE LARGE IRREGULAR VESICLE IN MATRIX (A) (MATRIX (B) NOT VESICULATED) 1S FILLED
WITH LOOSE LUNAR SOIL INCLUDIRG BROYN GLASS SPHERES.
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THE SANADINE CRYSTAL FRAGMENT MAY BE RELATED TO A LAST STAGE DIFFERENTIATE OF
THE ANQRTHOSITE MAGHMA WHICH MAY HAVE PREVIQUSLY BEEN DIFFERENTIATED FRCM THE
CUMULATE TEXTURED GABBRO (12057.21).

SAMPLE NO. 12057.23 SHITH

THIN SECTICGN EXAMINATION OF THIS ROCK INDICATES THAY THE CHIP IS NOT REPRE-
SENTATIVE OF THE ¥WHOLE SAMPLE. THE ROCK REPRESENTED BY THE THIN SECTION IS A
CURIOUS MIXTURE OF XENOCRYSTS AND ROCK FRAGMENTS [N A GROUNDMASS OF VESICULATED
GLASSY ROCK THAT WAS CRYSTALLIZING TINY CRYSTALS OF PLAGIOCLASE AND PYROXENE
WHEN QUENCHED.

HANY OF THE PLAGICCLASE XENOCRYSTS SHGOW MELTING RELATIONS WITH THE GROUNDMASS
GLASS AND IN SOHE THE FELDSPAR GLASS SHOWS RECRYSTALLIZATIONS PROOUCTS.

THE ROCK SEEMS CLEARLY A PRODUCT OF SOME KIND OF BRECCIATION. FUSICON. VESICU-
LATION. PARTIAL RECRYSTALLIZATION. ASO QUENCHING IN THAT ORDER OR PERHAPS MIXING
OF FUSED AND BRECCIATED MATERIAL. FURTHER PARTIAL FUSIGON GF FELDSPAR AND
PROBABLY PYROXENE. VESICULATION. PARTIAL RECRYSTALLIZATION AND GUENCHING.

THE GENERAL RELATIONS SEEN IN THIS ROCK ARE ATYPICAL OF VOLCAKIC PHENOMENA
ALTHOUGH 1T PROBABLY CANNGT BE RULED QUT AND ARE MCRE SUGGESTIYE OF COMPLEX
IMPACT HISTORY.

Figure A-52. - Sample 12057-11 (NASA-S-69-61405).
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SAMPLE 12059

SAMPLE NO. 12058
FINES AND A ROCK CHIP - SVEEPINGS FROM BIO PREP,

THE FOLLOYING EXPERIMENT WAS CONDUCTED OGN THIS SAMPLE

TOTAL CARBON ANALYSIS

165



SAMPLE 12060

SAMPLE NO . 12060 PCTL C. FRONDEL DESCRIPTION OF FINES FROM TOTE BAG.

THE FINES CONSIST OF PYROXENE ABOUT 40 PERCENT. AMORTHITE ABOUT 30 PERCENT.
OLIVINE ABOUT 10 PERCENT OR LESS. GLASS ABOUT 20 PERCENT. LESS THAN 1| PERCENT
TRIDYMITE IS PRESENT. THE AMOUNT OF GLASS IS MUCH LESS THAN IN THE FINES FROM
THE APOLLO 11 SITE. THE GLASS RANGES FROM COLORLESS THROUGH PALE GREEN. PALE
YELLOW. TAN. BROWN AND DARK RED BROwN. ON THE WHOLE. THE GLASS AND ALSO THE BULK
FINES ARE SGMEWHAT LIGHTER IN COLOR THAN IN THE APOLLO 11 MATERIAL. THE PALE
YELLOW GLASS HAS AN INDEX OF REFRACTION BELOW 1.640 THE TAN AND DARKER COLORED
GLASS 15 OVER 1.640. THE COLORLESS GLASS IS NOT ABUNDANT. SOME GRAINS ARE JUST
BELOW 1.570. BUT MOSTLY THE INDEX IS SCMEWHAT OVER 1.570. FELDSPAR GLASS

SEEMS TG BE MUCH LESS ABUNDANT THAN IN THE APCLLO 11 SAMPLE. GLASS SPHERES.
DUMBBELLS. RODS. AND TEARDROPS ARE PRESENT IN ADDITION TO ANGULAR FRAGMENTS,

AN UNIDENTIFIED DARK BROWN MINERAL. NOT PLEOCHROIC. WITH INDICES BELOW 1.570 WAS
NGTED. MANY OF THE MINERAL GRAINS ARE WELL ROUNDEC. AS IN A DETRITAL SAND OR
DUNE SAND (SEE PHGTOS).

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
€-SPEC ANALYSIS

RARE GAS ANALYSIS
X-RAY ANALYSIS

167



SAMPLE 12061

SAMPLE HO. 12061 CHIPS LARGESY CHIP WEIGHT EST. WT. 3 GMS.

SAMPLE NO. LARGEST CHIP

DIMENSIONS 2 X 2 X 1/2 CM CHAD

THIS IS A HOLOCRYSTALLINE MEDIUM FINE GRAINED HICROGAB2ROIC ROCK WITH GLIVINE.
SIMILAR TQ APOLLO 11 TYPE B WITH PROBABLY LESSER AMOUNT OF ILMENITE. THE TYPE
OF BROYN PYROXENE APPEARS TO BE THE SAME AUGITIC CLINGPYRQXENE OF APCLLO 1
SAMPLES IN COLOR AND HABIT., FLAT AND SLIGHTLY CONVEX. DISK SHAPED. SPECKLED
BROWNISH GREY. SUBGPHITIC TO GRANULAR TEXTURE. HOLOCRYSTALLINE. VESICLES
PRESENT. THE FLAT SURFACE IS A FRACTURE SURFACE. SEVERAL GLASS LINED PITS ON
CONVEX SIDE SURRGUNDEDR BY A HALO OF MILKY VHITE MATERIAL. FRACTURED FELDSPAR,
200 TO S00 U IN DIAMETER. ONM THE CONVEX. ROUNDED SIDE NGT ON THE FLAT FRACTURED
SIDE. AVERAGE GRAIN SIZE IS ABQUT 2 TG 300 MICRONS. LARGEST CRYSTAL ABQUT
1.5 MM. LARGER CRYSTALS PROBABLY PLAGIOCLASE AND IULMENITE. FRACTURED MILKY
PLAGIOCLASE ON ROUNDED CONVEX SURFACE.  MINERALOGY. 1. CLEAR PLATY LATH
SHAPED TO IRREGULAR SHAPED CRYSTALS WHICH ARE PROBABLY PLAGIOCLASE. ABOUT 45
TO S50 PERCENT. PROBABLY PCIKILITIC. 2. PALE BROWN TG CLEAR BROWN STUBBY
PRISMATIC TO IRREGULAR CRYSTALS. PROBABLY PYROXENE SIMILAR TQ CLINOPYROXENE QF
APOLLO 11. ABOUT 40 TO 45 PERCENT. 3. BLACK PLATY AND HIGHLY REFLECTING
MINERAL WITH LUSTROUS FRACTURES. PROBAELY ILMENITE S TO 13 PERCENT. 4.
GREENISH YELLOY MINERAL IN SMALL AMOUNTS ABOUT 2 TO 300 MICRONS ACROSS AND
OCCURRING IN PATCHES. PROBABLY OLIVINE.

SAMPLE NO. 12061 SECOND LARGEST CHIP DIMENSIONS 2 X 1 X 0.6 CM CHAQ
ELONGATED ¥WITR TRIANGULAR CROUSS SECTION. SPECKLED BROWNISH GREY. SIMILAR TG
THE LARGEST CHIP. VUGGY IRREGULAR CAVITIES EXIST WITH TABULAR PLAGIOCLASE

AND STUBBY PYROXENE PROTRUGING INTG THEM. THEY SOMETIMES COALESCE TO FORM
OPENINGS 2 TO 3 MM IN LENGTH, ROUND HEMISPHERIC | MM IN DIAMETER. HAVE BEEN
NOTED AS SURFACE FEATURES. THERE IS THE SUGGESTION THE SURFACE AREA ARGUND THE
PITS WHICH ARE AS MUCH AS 1 MM IN DIAMETER. AVERAGE CRYSTAL SIZE IS AGAIN ABOUT
2 TO 300 MICRONS. LONG PLATY CRYSTALS OVER 1 MM IN LENGTH HAVE BEEN NOTED.
MINERALOGY, QUITE SIMILAR TO THE MINERALOGY NOTED IN THE PREVIOUS CHIP., PRE-
DOMINANTLY CLEAR PLATY PLAGIOCLASE FELDSPAR. BROWN CLINOPYROXENE. AND PLATY
BLACK ILMENITE. ACCESSORY OLIVINE IS ALSO PRESENT.

SAMPLE NO. 12061/THIRD LARGET CHIP DIMENSIONS 1| X | X 0.4 CM CHAD

FLAT WITH SOME FRACTURING. ALSO SPECKLED BROWNISH GREY. SIMILAR TO THE
LARGEST CHIP. ABUNDANT VESICLES. AT TIMES THEY COALESCE TG 1 TO 1.5 MM IN
LENGTH. IRREGULAR VUGS ARE AGAIN PRESENT WITH PRISMATIC AND PLATY BROWN
PYROXENES ALONG WITH CLEAR PLATY PLAGIOCLASE IN THEM. NO PITS ARE CBVIQUS AND
SO SUSPECTED TO BE AN INTERIGR CHIP. WELL FOGRMED SHORT PRISMATIC PYROXENE
CRYSTALS ARE PRESENT. AVERAGE GRAIN SIZE OF THE CRYSTALS IS ABGUT 100 TO 200
MICRONS. LARGE CRYSTALS ARE AS MUCH AS 1 MM. HINERALOGY. A LARGE GREEN
YELLOW CLIVINE CRYSTAL ABOUT 0.8 MM IN DIAMETER WAS NOTED. OLIVINE AGAIN
EXISTS AS AN ACCESSORY MINERAL. MINERALOGY IS AGAIN SIMILAR TO THAT OF THE
LARGEST CHIP.

SAMPLE NO. 12061/FOURTH LARGEST CHIP DIMENSIONS | X 0.8 X 0.3 CM. CHAD

FLAT OBLONG SHAPED FRAGMENT. SIMILAR TG OTHER CHIPS. SIMILAR TEXTURE. LONG LATH-
LIKE PLAGIOCLASE CRYSTALS ABOUT 1 MM [N LENGTH APPEAR POGIKILITIC. NG PITS
NOTED. AVERAGE GRAIN SIZE IS ABOUT 2 TO 300 MICRONS. MiNERALOGY, SIMILAR,
SAMPLE NO. 12061 2 SMALLEST CHIPS DIMENSIGNS ABOUT 0.8 X ABOUT 8.7 X ABOUT 0.3
CHAQ COLOR SAHME AS OTHERS. TEXTURE SAME AS OTHERS. VUGGY AND SIMILAR. ONE
SURFACE PIT NOTED. LONG PLATY PLAGIOCLASE CRYSTALS OCCUR ABOUT [ MM IN LENGTH.
MINERALOGY. SIMILAR TG OTHER CHIPS,
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Figure A-53. - Sample 12061 (NASA-S-69-61659).

169



SAMPLE 12062

SAMPLE NO. 12062 WEIGHT 787.7 GRAMS DIMENSICNS 12 X 8 X 4 CM SMITH
THIS ROCK HAS THE APPROXIMATE SHAPE OF AN [RREGULAR FLATTENED HALF DCME. WITH
PARTLY CONCAVE BOTTOM. ANGULAR BROKEN SIDE. AND ROUNDED TOP. COLOR IS MEDQIUM
GRAY TO LIGHT GRAY WITH WHITISH MOTTLING. SOME CF THE WHITISH AREAS ARE
HALGES SURROUNDING GLASS PITS (NOT ABUNDANT CN THIS SPECIMEN). OTHER WHITISH
AREAS ARE SIMPLY SPOTS OF CHALKY FELDSPAR THAT REMAIN AFTER GLASS PITS HAVE
ERODED AWAY. PART OF THE CONCAYE BOTTOM AKD A PORTION OF THE BRCKEN SIDE ARE
DARKER AND LESS MOTTLED THAM THE REMAINDER OF THE ROCK AND MAY REPRESENT A
BURIED OR OTHERWISE PROTECTED PART OF THE ROCK ON THE LUNAR SURFACE,
CONCENTRIC FRACTURES SUSPARALLEL TQ THE RCCK SURFACE APPEAR ON PART OF THE TOP
AND BORKEN SIDS AND RESEMBLE EXFOLIATION FRACTURES. SOME OF THESE FRACTURES
SEEM TO PENETRATE DEEPLY. A RADIAL SET OF FRACTURES CENTER OF THE EXFOLIATION
SPHEROID AND SUGGEST THAT THE YHOLE SYSTEM IS IMPACT INDUCED.
SMALL VESICLES AND VUGS ARE PRESENT BUT NOT ABUNDANT AT VIEWING SCALES.
ONE SMOOTH ¥ALLED VESICLE (APPROXIMATELY 3 TO 4 MM) APPEARS ON THE BROKEN
SIDE AND SHOWS BRIGHTLY REFLECTING CRYSTAL FACES CF FELDSPAR.
TEXTURE 1S BEST DESCRIBED AS OPHITIC TO SUBOPHITIC. WITH LARGER CRYSTALS IN
YUGGY AREAS.
MAJOR MINERALS ARE CINNAMON RED TO BROWN PYROXEME. FELDSPAR,., OPAGQUES AND OLIVINE
THE OLIVINE IS SPAR . BUT OCCURS IN LARGE (UP TO 7 MM) CRYSTAL AGGREGATES.
MUCH OF THE CONCAVE BOTTOM SIDE HAS FINE TEXTURED HACKLY SURFACE WITH STRONGLY
ADHERING DUST AND SCATTEREDC AREAS OF GLASS SPLASH NOT FOUND ON TOP SURFACE.
A FEW GLASS LINED PITS OCCUR ON THE GUTER PERIPHERY OF THE CONCAVITY., BUT NONE
WERE SOUND IN THE CENTRAL PART WITHIN AN AREA ABOUT 3.3 CM IN DIAMETER. IN
THE CENTER OF THE CONCAVE SURFACE 1S A SUSDUED FLAT CONE OR MOUND ABOUT 1.2 CH
IN GIAMETER AND SEVERAL MM KIGH THAT FORMS THE FOCUS FOR A SUBTLE RADIAL
FRACTURE SET.
1T SEEMS PROBABLY THAT THIS CONCAVE SURFACE IS ACTUALLY AN IMPACT CRATER AND
THE CONCENTRIC AND RADIAL FRACTURE PATTERN ON ROCK®S OPPOSITE SIBE IS
GENETICALLY RELATED.
AT LEAST GMNE OTHER LARGE ROCK IN THE APGLLO 12 RETURN HAS ONE DEEP CONCAVE SIDE
CFIRST ROCK LOGHED AT IN F201). PERHAPS THESE CONCAVE SIDES HAVE SIMILAR
CRIGINS. '
MORPHOLOGY., MACRQOSCCPIC
FLAT HALF DCHE. BOTTCH SICE PARTLY CONCAVE. BRCKEN SIDE OF DOME ANGULAR.
REMAINDER GF TOP RCUNDED. MEDIUH GRAY TQ LIGHT GRAY AND YHITISH MOTTLED.
PROBABLY SUBOPHITIC TO OPHITIC. MEDIUM GRAINED LUNAR ROCK, COARSE TYPE A, NO
LINEATIONS OBVICUS. VESICLES PRESENT BUT NOT ABUNDANT AT THIS SCALE OF VIEWING.
ONE LARGE SHOOTH WALLED VESICLE QM BROKEN SIDE (APPRCXIMATELY 3 MM) CONTAINS
BRIGHTLY REFLECTING CRYSTAL FACES. FRACTURES PRESENT BUT NOT ABUNDANT. ONE
FRACTURE OF DOMICAL TOP AND BROKEN SIDE SHOWS CONCENTRIC EXFOLIATION FRACTURES.
THESE SEEM TO PENETRATE DEEPLY INTO ROCK AND ARE ASSOCIATED WITH A RADIAL SET
CENTERING ON THE EXFOLTATION SPHEROID. NO SPLASHES NOTED CON TOP. SURFACE PITS
PRESENT OVER DOMAL TOP AND SIDES BUT SEEMINGLY NOG ABUNDANGH
APPROXIMATE MODES. OLIVINE LESS THAN | PERCENT

PYROXENE S0 PERCENT

FELDSPAR 40 PERCENT

OPAQUE LESS THAN 10 PERCENT

YROXENES APPROXIMATELY EQUANT

FELDSPAR LATH LIKE
OPAQUES TABULAR T0O PLATY.
CRYSTALS LARGER NEAR VUGS, NO OBYIOUS ALTERATION.
TERRESTRIAL ANALQGUE. FINE GRAINED DIABASIC OLIVINE BEARING BASALT.

SAMPLE NO. 12062 WEIGHT 737.7 GRAMS DIMENSION 10 X 6 X 4 CM HARMON

THE GENERAL SHAPE OF THE ROCK IS THAT OF 1/4 OF A SPHERE OR RATHER AN ELLIPSOID
SUBSEQUENTLY. SOME OF THE CORNERS AND EDGES OF THE ROCK APPEAR TO HAVE ERGOED
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AWAY. THE ROUNDED SURFACE GF THE ROCK HAS WEATHERED TO AN EXTENT THAT [T
APPEARS LIKE A SMALL SCALE EXFOLIATIGN DOME. THE COLOR OF THE ROCK IS A LIGHT
MEDIUM GREY ¥1TH AREAS OF THE SURFACE COVERED WITH SPLOTCHES OF A ¥HITE CCLOR.
[N TWO PLACES THESE WHITE AREAS ARE ASSOCIATED WITH IMPACT PITS IN THAT THEY
ARE SHATTERED AREAS SURROUNDING THE CRATERS TG ABOUT ONE CRATER DIAMETER OUT
FROM THE CRATERS. THESE OTHER WHITE SPLOTCHES NOT ASSOCIATED WITH PITS ARE PROB-
ABLY SHATTER AREAS UNDERLYING PITS THAT HAVE SINCE S8EEN ERODED AWAY. ONE VERY
NICE VESICLE ABOUT 2 MM IN DIAMETER IS PRESENT ON ONE SURFACE GF THE ROCK.

THIS ROCK SHOWS A MODERATE AMOUNY OF FRACTURES CHARACTERIZED BY THE EXFOLIATION
FEATURES. THE DENSITY OF PITS AND VESICLES 1S VERY LOW, THE (BOTTOM) CONCAVE
SURFACE OF THE ROCK IS ALSO A FRACTURE SURFACE AND APPEARS ALSO TG BE AN
EXFOLIATION FEATURE. THE (TGP) CONVEX SURFACE OF THE ROCK ALSO APPEARS TO HAVE
A SHATTER CRUST THAT IS LIGHYER IN COLOGR THAN THE FRESH SURFACES OF THE RGCK
WHERE EXPOSED ALGNG EXFOLIATIGN FRACTURES. LATH SPADED MINERALS AND A MINERAL
WITH A METALLIC LUSTER ARE OBVIQUS IN GROUND MASS ON A MACROSCALE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
RARE GAS ANALYSIS

X-RAY ANALYSIS

NASA-S-69-61661 ) NASA-S-69-61662

NASA-5-69-61660

Figure A-54.- Sample 12062.
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SAMPLE 12063

SAMPLE NO. 12063 WEIGHT 2426.0 G DIMENSIONS 12 X 8 X 18 CH FOSS

[RREGULAR. SUZANGULAR TO SUBRGOUNDED. SGIiE PLANAR SURFACES. ONE MAJOR CONCAVITY
FORMED BY PLANAR FRACTURES (GNE 2 1/2 X 5 CH). LIGHT TQ HEDIUM GREY.

WEATHERED SURFACE VUGGY AND LIGHTLY PITTED. FRESH SURFACE SHOWS GPHITIC
TEXTURES NONPORPHYRITIC. HAVE SOME VESICLES ELONGATE I[N PLANE. MOST VESICLES
CONCENTRATED IN SINGLY PLANAR ZONE THAT INCLUDOES THE LONGEST AND SHORTEST AREA
OF PIT. | PARALLEL VESICLE PLANE. ONE SET OF 3 OR 4 APPROXIMATELY 30 DEGREE

TG THIS, ONE LARGE CAVITY BANGLED BY PLANAR FRACTURES. ORE SPALL (CONCENTRIC]
ONE SPLASH 6 MM X 1 CM, AVERAGE SIZE. HALO OF CHALKY FELDSFAR AROUND GLASS
SPLASH. TERRESTRIAL ANALOGUE DOIlABASE.

SAMPLE NGO, 12083 LARGE ROCK FROM TGTE BAG CHAQ
WEIGHT 2426 GRAMS DIMENSIONS 168 X 9 X 7.5 CM ELONGATE WITH
TRIANGULAR CROSS SECTION., CNE FLAT SIOE.

GENERAL APPEARANCE - IT IS A MASSIVE SPECKLED. MEDIUM GRAY FINE-GRAINED
HOLOCRYSTALLINE RCCK WITH A BROWNISH TINGE., SLIGHTLY VUGGY. CONTAINS TRUE
VESICLES 1.5-2.5 MM DIAMETER. WIDELY SCATTERED. THE VESICLES APPEAR TO BE
MORE CONCENTRATED ON THE FLAT SIDE. FORMING FUNNELS INCICATING A FLAT JOINT
SURFACE FROM WHICH GASES ESCAPED PARALLEL TQO THE FUNNEL AXIS (UPWARDS).

SURFACE FEATURES - GLASS PITS ABUMDANT FROM 0.1 MM TO ABOUT 1 MM IN SIZE,
LINED WITH DARK GLASS. A FEW PER SGUARE CM ON ALL SIDES.

TEXTURE AND GRAIN SIZE - MOSTLY EQUIGRANULAR. [N PLACES PLAGIGCLASE LATHS
APPEAR IN SUBPARALLEL ARRANGEMENT BUT NGT PROMOUNCED.

GRAIN SIZE 0.2 TO 1| MM AVERAGE ABOUT 0.3 MM,
MINERALS - MEGASCOPIC

1. CINNAMON BROWN CLINOPYROXENE ABOUT 45 PERCENT.

2. LATH-SHAPED AND EQUIGRANULAR CLEAR TO WHITE PLAGIOCLASE ABOUT 40
PERCENT. .

3. SMALL PLATY OPAQUE ILMENITE. WiDELY SCATTERED ABOUT 10-15 PERCENT.

4. GREENISH YELLOW OLIVINE. SOME ARE MICROPHENQCRYSTIC UP TO 0.6 MM
ACROSS ABOUT 2-5 PERCENT. THE GREENISH COLOR 1S QUITE PRONQUNCED.

SHOCK - THE ROCK IS LARGELY UNFRACTURED. HO EVIDENCE OF SHOCK.

REMARKS - THIS ROCK MAY BE A REPRESENTATIVE TYPE AND MAY BE LLASSIFIED AS
A FINE-GRAINED ILMENITE MICROGABBRO SIMILAR TO APOLLO 1i. THE COMPOSITION OF
OLIVINE. CLINOPYROXENE AND PLAGIOCLASE SHOULD BE ESTIMATED OR DETERMINED

SAMPLE NO. 12063:5 POLISHED THIN SECTION iN 64-7350 CHAOQ
TEXTURE - SUBGPHITIC
GRAIN SIZE - LATH-SHAPED PLAGIOCLASE U® T3 1.5 MM LONG STUBBY
PRISHS OF CLINOPYROXENE 0.3 X 0.6 MM OLIVINE., AVERAGE 0.3 MM,
MINERALS -

1. PALE WINE-BROWN CLINOPYROXENE - MORE ABUNDANT THAN PLAGIOCLASE.
BIAX. (+), 2V¥ 25-30 DEGREES THUS PIGECNITIC., SLIGHT WAYY EXTINCTICON ESTIMATEL
ABOUT 45 PERCERNT.

2. CLEAR PLAGIOCLASE. POLYSYNTHETICALLY TWINNED. EXTINCTION ANGLE IN
ZONE | (G10) ABQOUT 43 DEGREES, ESTIMATED AN 75 + ESTIMATED ABCUT 40 PERCENT.

3. OLIVINE - IN SEPARATEZ GRAINS. SOME AS CORES TO CLINOPYROXENE. BIAX,
(-). VERY LARGE 2V ESTIMATEO ABOUT 2-5 PERCENT.

4. [ILMENITE - PLATY. MOSTLY 0.! X 0.6 MM OPAQUE ABOUT 10 PERCENT.

S. CRISTOBALITE - CLEAR. LOW INDEX. COMPLEX TWINNING. SIMILAR TQ THE
LOW CRISTOBALITE IN APOLLO !} MICROGABBRO. LESS THAN 1 PERCENT.

6. DUSTY. HIGH RELIEF. HIGH BIREFRINGENCE MINERAL BIAX. (-) SMALL TO
MODERATE 2v. FAYALITE (QUESTION). OGCCUR NEAR CRISTOBALITE.
THE MODAL COMPOSITION SHOULD BE CETERMINED INSTEAD OF ESTIMATES. THE SECTION

REMARKS - CONFIRMS MEGASCOPIC DESCRIPTION AS AN ILMENITE MICROGABBRO WITH
SUBBPHITIC TEXTURE. SOME OLIVINE AND TRACE OF CRISTOBALITE.
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Figure A-55. - Sample 12063.
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SAMPLE NO. 12063.6 WEIGHT 4.5 GRAMS DIMENSIONS 4.5 X 3 X 2 CH FOSS

(HAND SPECIMEN 12063 AND CHIP 12083.6). THE ROCK [S IRREGULARLY SHAPED. SUB-
ANGULAR TO SUSROUNDED. WITH SEVERAL PLANAR. SUBPARALLEL SURFACES. AND CNE MAJOR
CONCAVITY FORMED BY PLANAR FRACTURES (2.5 X S €M), THE OIMENSICNS OF THE
LONGEST. INTERMEDIATE AND SHORTEST AXES OF THE ROCK ARE 18 CM, 12 CM. AND B

CM RESPECTIVELY. THE SHAPE [S ROUGHLY THAT OF A SMALL. PARTIALLY COLLAPSED
FOOTBALL.

THE ROCK IS LIGHT TGO MEDIUM GRAY IN COLOGR. WITH MANY DARKER SPCTS CAUSED BY
GLASS IN SMALL PITS AND SHADOWED VUGS. THE FRESH SURFACE IN THE FRACTURE
BOUNDED CONCAVITY SHOWS A SUBOPHITIC TO OPHITIC TEXTURE OF WHITE FELDSPAR LATHS
INTERGROWN WITH A BROWNISH GLASSY MINERAL. PROBABLY PYROXENE.

A RATHER STRIKING FEATURE OF THE R3CX 1S A PLANAR ZONE OF SOMEWHAT FLATTENED
VESICLES THAT INCLUDES THE LONG AND SHORT AXES OF THE ROCK. THE VESICLES ARE
FLATTENED PERPENCICULAR TQ THE ZONE AND HAVE AN AVERAGE LONG DIMENSICN OF

ABOUT 0.5 CM, THE REMAINDER OF THE ROCK 1S RELATIVELY FREE FROM VESICLES,
ALTHOUGH SOME SMALL (LESS THAN 0.5 CM) VUGGY CAVITIES ARE PRESENT THROUGHOUT
THE RGOCK.

THERE APPEARS T0 BE ONE MAJOR FRACTURE THAT COINCIDES WITH THE PLANE OF
VESICLES. A SET OF 3 OR 4 CLOSELY SPACED FRACTURES CRGPS OUT ON ONE SURFACE OF
THE ROCK. AT AN ANGLE OF ABOUT 30 DEGREES TO THE VESICLE ZONE. ONE LARGE CAVITY
IN A CORNER OF THE ROCK 1S BOUNDED 3Y PLANAR FRACTURES. AND ONE CORMER IS
EXPOSED BY A CONVEX OQUTWARD SMALL FRACTURE.

THE ROCK EXHIBITS ONE LARGE PATCH OF GLASS (6 MM BY 1 CM) THAT MAY BE THE

BOTTOM OF A LARGE IMPACT PIT OR A GLASS SPLASH FROM ELSEWHERE. THE TWO HMAJOR
EXTERIOR SURFACES OF THE ROCK OTHER THAN THE SUBPARALLEL PLANAR SURFACES HAVE
ABUNDANT SHMALL APPROXIMATELY 1 MM IMPACT PITS. THE SUBPARALLEL PLANAR
SURFACES ARE RELATIVELY FREE FROM PITS. THERE IS A OISTINCT YHITISH HALO OF
CHALKY FELDSPAR ARCUND THE PITS AND ARQUND THE GLASS PATCH.

THE ROCK IS ANALGGGUS T8 A TERRESTRIAL DIABASE GR FINE GRAINEZD GABSRC.
THE CHIP HAS THE SHAPE OF A ROUGH HEMISPHERE WITH ONE FLATTENED SIDE AND A

SLIGHTLY CONCAVE BASE. UDIAMETER OF HEMISPHERE 4.5 CM. DIAMETER TO FLATTENED
SIDE 3 CH. HEIGHT 2 CM,

THE CHIP 1S LIGHT BROYNISH GRAY ON A FRESHLY BROKEN SURFACE AND SHOWS A SUB-
OPRITIC TEXTURE. THE ROCK CONTAINS SOME VUGS THAT APPEAR TO BE OF TwQ TYPES.
SOME ARE ANGULAR AND ABOUMDED BY CRYSTAL FACES OF PLAGIOCLASE FELDSPAR. OTHERS
ARE MORE ROUNDED AND HAVE CRYSTALS OF FELDSPAR. PYROXENE. AND ILMENITE GROWING
INTO THEM. THE ILMENITE AND PYROXENE CRYSTALS SHOW GOOD CRYSTAL FACES IN THE
VUGS.

THE ROCK IS MADE UP OF / 1. S0 PERCENT GLASSY TABULAR CRYSTALS OF PLAGIOCLASE
WITH AVERAGE SIZE 0.1 MM. 2. 40 PERCENT LIGHT BROWN TO AMEER EQUANT

CRYSTALS OF PYROXENE WITH AVERAGE SIZE 0.91 MM, 3. S PERCENT BLACK METALLIC
BLADE LIKE CRYSTALS OF [LMENITE WITH AVERAGE SIZE 0.02 MM. 4. LESS THAN 3 PER
CENT PALE GREEN GLASSY CRYSTALS OF OLIVINE ¥ITH AVERAGE SIZE %4.3 MM.

ROCK HAS A OEFINITE PORPHYRITIC TEXTURE OF GLIVINE PHENOCRYSTS IN A SUBOPHITIC
GROUNDOMASS OF PLAGIGCLASE. PYROXENE AND ILMENITE.

SAMPLE NO. 12063.6 STANDARD THIN SECTION wILCOX
COARSE GRAINED CLINOPYROXENE. OLIVINE. PLAGIOCLASE., ILMENITE ROCK.
APPROXIMATE MQODE.

CLINOPYROXENE 40 PERCENT

PLAGIOCLASE 30 PERCENT

OLIVINE 190 PERCENT

OPAQUE (ILMENITE) 13 PERCENT

UNXNOYN GREEN. TRIODYMITE. AND ACCESSORIES = 7 PERCENT
CLINOPYROXENE VARIOUSLY COLORED. MOSTLY PALE REDDISH BROWN, AS ILL FORMED
CRYSTALS. SOME OVERGROWN ON ANHEDRAL OLIVINE CORES.
PLAGIOCLASE. LONG BLADES. CALCIC. TWINKNED.
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OLIVINE NEARLY COLORLESS. SOME EUREDRAL. SOME AS CORES OF CLINCPYROXENE CRYSTALS
OPAGQUES LONG BLADES. NOT EXAMINED IN REFLECTING LIGHT,

UNKNCWN GREEN. PALE GREEN. H] RELIEF. H]1 SBIREFRINGENCE, MODERATE (MINUS)

2V, C(FAYLITE). THIS ASSOCIATION WITH THE TRIOYMITE AND SEVERAL COLORED
ACCESSORY MINERALS.

SAMPLE NO. 12063.7  CRUSHED GRAINS WILCOX
LEMMON YELLOW CRYSTAL COLIVINED.
UNCAL IBRATED LIOUIDS. 2VX 85 DEGREES PLUS/MINUS 5 DEGREES (OA FIGURE)

NX 1.704 PLUS /MINUS .002

NY 1,726 PLUS/MINUS .002

NZ 1.744 PLUS/MINUS ,002

NZ MINUS NX 0.040 PLUS/MINUS .004
MODAL ANALYSES OF ROCK 12063
A MODAL ANALYSIS WAS MADE IN REFLECTED LIGHT ON POLISHED THIN SECTION
NUMBER 12063.5. SIX HUNDRED FORTY POINTS WERE COUNTED ON A 0.3 MILLIMETER
GRID. A TOTAL MAGNIFICATION OF 125 WAS USED FOR OBSERVATION. TRANSMITTED
LIGHT ¥AS USED TO AID IDENTIFICATION GF NON-OPAQUE CONSTITUENTS. THE PHASES
RECOGNIZED AND THEIR VGLUME PERCENTAGES FOLLOW,

1. PALE YELLOY T3 TAN. WEAKLY PLEOCHRJIC CLINEPYROXENE. S2.8 PERCENT

2. CLEAR PLAGIOCLASE. AN 78, BYTOWNITE BY MICHEL LEVY'S METHOD. 28.0
PERCENT,

3. PALE YELLOW OLIVINZ. 8,8 PERCENT.

4. PINKISH-BROWN BLADED ILMENITE. 5.5 PERCENT.

5. PALE GREEN UNIDENTIFIED MINERAL AND REACTION PRODUCES. 2.7 PERCENT.
THIS MINERAL IS BIAXIAL-NEGATIVE wITH A M3DERATE OPTIC ANGLE. BIREFRENGENCE
IS AT LEAST 0.031. 1T NORMALLY EXHIBITS A CLOUD OF REACTION PRODUCTS WHICH
ARE AT LEAST IN PART GLASS. IT IS USUALLY IN CLOSE SPATIAL RELATIONSHIP WITH
CRISTOBALITE.

6. CLEAR., CHARACTERISTICALLY FRACTURED AND THINNED CRISTOBALITE 1.1 PERCENT

7. TROILITE. 0.1 PERCENT.

8. METALLIC IRON., LESS THAN 0.1 PERCENT.

A MODAL ANALYSIS WAS MADE IN TRANSMITTED LIGHT ON THIM SECTION 12063.6. ONE
THOUSAND THIRTY ONE POINTS ON A 0,3 MM GRID VERE IDENTIFIED AND TABULATED,
A TOTAL MAGNIFICATION OF ABCUY 157 WAS USED FOR OBSERVATION. THE PHASES
RECOGNIZED ARE AS FGR THE MODAL ANALYSIS FOR SECTICN 12083.5 EXCEPT THAT THE
OPAGUE MINERALS ARE UNDIFFERENTIATED. VOLUME PERCENTAGES ARE AS FOLLOKS.

CLINO-PYROXENE S1.4 PERCENT
PLAGIOCLASE (BYTCWNITE. AN 78) 27,0 PERCENT
OPAQUE PHASES 10,7 PERCENT

OLIVIKNE 7.7 PERCENT
CRISTOBALITE 1.7 PERCENT

PALE GREEN. UNIDENTIFIED MINERAL AND REACTION PROGUCTS 1.5 PERCENT
OARK [NCLUSIONS iH FELDSPAR 0.1 PERCENT

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS

RARE GAS ANALYSIS
TOTAL CARBON ANALYSIS
X-RAY ANALYSIS
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SAMPLE 12064

SAMPLE NO, 12064 WEIGHT 1214.3 G CHAD

THIS 1S A FAIRLY COARSE GRAINED HOLOCRYSTALLINE GABBROIC ROCK WITH CRYSTALS
MASTLY 0.5 TO | MM ACROSS. EQUIGRANULAR TO SUBOPHITIC TEXTURE, CONSISTING
ESSENTIALLY OF CLEAR PLAGIOCLASE. BROWN F rROXENE AND BLACK ILMENITE AND
ACCESSORY MILKY WHITE CRACKLY LOW CRISTOJIALITE (SAME APPEARANCE AS IN APOLLO 1!
TYPE B ROCK3}. OLIVINE LOCKED FQR BUT NOT FQUND. A GCOD ROCK FOR BASIC MINERAL
IDENTIFICATION. NO SHOCK EVIDENCE EXCEPT ARUUND GLASS PITS AND THE WHITE
CRUST ON ROUNDED SURFACES.. SPECKLED BROWNISH MEDIUM GREY. HOLOCRYSTALLINE
NEARLY EQUIGRANULAR ROCK ¥ITH AN AVERAGE GRAIN SIZE OF 0.5 MM TG 1 MM WITH

SOME AS LARGE AS 3 MM. VUGS FRGM | TO 1.5 MM ARE PRESENT (MIARCUITIC). THIN
PLATY CLEAR CRYSTALS (PLAGIGCLASE) AND 8ROWN PRISMATIC PYROXENE OCCUR [N THE
VUGS. A FEW WIDELY SPACED FRACTURES ARE PRESENT. WIDELY SCATTERED GLASS PITS
OCCUR ON SEVERAL SURFACES FRGH 0.1 TG t MM IN DIAMETER. ThE GLASS LINING IS
EITHER A CLEAR TO PALE BRCOWYN COLOR OR BLACK. BOTH OCCUR. EXCEPT FOR THE
SURFICIAL CRUST THERE IS NO EVIDENCE OF SHOCK., MINERALGGY. 1. LATH SHAPED
RECTANGULAR CROSS SECTICON TO PLATY CLEAR PLAGIOGCLASE IS THE MOST ABUNDANT
MINERAL. APPROXIMATELY 45 PERCENT, 2. BROWN STUBBY PRISMATIC TO IRREGULAR
CLINOPYROXENE IS THE NEXT MGST ABUNDANT MINERAL. APPROXIMATELY 40 PERCENT.

3. BLACK PLATY [LMENITE IS ALSO PRESENT (S5 TQ 10 FERCENT). 4. MILKYWHITZ LO¥
CRISTOBOLITE IS ALSO PRESENT. 5. A RARE ORANGE YELLQW MINERAL IS ALSO PRESENT

PLAGIOCLASE 45 PERCENT
PYRCXENE 40 PERCENT
OFAQUE 5 TO 10 PERCENT
CRISTOBALITE T

SAMPLE NO. 120584 WEIGHT 12i4.3G DIMENSIONS 11 CM X 8 CM X 6 CH LOFGREN/HARMON
THIS ROCKX HAS A BLOCHY SHAPE WITH WELL DEFINED CORNERS AND ANGLES . A VERY
ANGULAR ROCK WITH LITTLE CR NO ROUNOING, THE ROCK IS HIGHLY FRACTURED WITH
THREE MAJOR FRACTURES CUTTING THROUGH THE ROCK., ONE SURFACE DOES SHCW A LITTLE
SURFACE ROUNDING AND A FE¥ IMPACT PITS (ASSUNED UP SIDE). NO OTHER SURFACES SHOW
ANY IMPACT PITS. ONLY TW0O GLASSLINED PITS ARE PRESENT AND ON THE SLIGHTLY
ROUNDED SURFACE, THE RGCK IS COURSE GRAINED CRYSTALLINE ROCK WITH A LIGHT GREY
COLGR, PITS CN THE UP SURFACE SHOW THE VYHITE HALO. THE ROUNDED (UP) SURFACE
ALSO HAS A LIGHTER CAST THAN THE REMHAINDER OF THE ROCK (SHAYTER CRUSTY].
PLAGIOCLASE FELDSPAR, EVEN CN A MACRO SCALS. IS THE PREDOMININT MINERAL
OCCURRING IN TRACHYTIC AGGREGATES IN PLACES / GRAINS ARE EQUANT TO TABULAR [N
SHAPE, A MINERAL WITH A METALLIC LUSTER. ILMENITE. !S PRESENT. BUT NOT ABUNDANT.
VUGS ARE PRESENT [N MODERATE QUANTITY WITH CRYSTAL GROWTH BEING LARGER IN THESE
FEATURFS. VUGS ARE IRREGULARLY SHAPED WITH SOME BEING ALMOST CLOSED. THE
MINERAL PROTRUDING INTO THE VUGS APPEAR TO BE ILMENITE. GRAIN SIZE RANGES UP

TO 3 HH FOR THE PLAGIOCLASE. AND ILMENITE LATHS RANGE UP 70 5 MM.

SAMPLE NO. 12064.A ROCK FRONDEL

A MICROGABBRO VERY SIMILAR TO THE COARSER GRAINED MICROGABBRO FROM THE APOLLO
11 SITE. GRAIN SIZE UP 7O 1 MM. POROUS OR YUGGY ON A SMALL SCALF ¥I1TH EUHEDRAL
CRYSTALS OF ANORTHITE. PYROXENE AND ILMEMNITE PROJECTING INTO CAVITIES,
PYROXENE BROWN TO YELLOWISH BROWN IN COLOR. A SECTION NEARLY PERPENDICULAR TO
THE C AXIS SHOWED CONCENTRIC COLOR ZONING. OLIVINE SPARINGLY PRESENT AS PALE
YELLOW GREEN GRAINS. ANORTHITE IN PART GLASSY CLEAR. NOT MUCH EVIDENCE CF
SHOCK.

THE FOLLOWING EXPERIMENT ¥AS CONDUCTED CN TH1S SAMPLE
E-SPEC ANALYSIS

RARE GAS ANALYSIS
RCL ANALYSIS
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Figure A-56.- Sample 12064.
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SAMPLE 12065

SAMPLE NG. 12065 DIMENSIONS 11.8 X 12 X 8 CH D. R. WONES
SHAPE. RECTANGULAR PRISM WITH AN ASYMMETRIC TERMINATION (PYRAMIDALI].
COLCR. NEUTRAL (NS TO N8) WITH A TQUCH OF 10 YR 6/2 (GSA ROCK COLOR CHART).
VARIABLE COLCR DEPENDING ON THE AMOUNT OF GLAZE.
TEXTURE. COARSE. INGIVIOUAL CRYSTALS UP TO | CM LONG (PIGEONITE). MANY ARE
S MM LONG X 0.5 TO 1.0 MM WIDE. SMALLER EQUANT CRYSTALS PRESENT (0,570 1 MM
PROBABLY PYROXENE. OPAQUES PRESENT. TEXTURE SUBOPHITIC WITH PYROXENE LATHS.
VUGS ARE PRESENT UP TO t CH ACROSS.
FABRIC. NO LINEATIGNS. NO APPARENT GRIENTATION OF VUGS.
FRACTURES. FRACTURES ARE RELATED TO PRESENT SURFACES.
SURFACE FEATURES. NO 0BVIOUS GLASS SPLASHES. WHITE CRUST COVERS MOST OF
SURFACE. BLACK AGCREGATES ARE PRESENT ON SURFACES. LARGE NUMBER OF
INDENTATIONS ON ALL SIDES. A GIRDLE APPEARS ARGUND ROCK ORTHCGONAL TO SMALL
DIHENSIONS., ONE FACET HAS LESS PITTING. PITS HAVE HALGES. 1.3 MM AVERAGE
SIZE 0.5 MM DEPTH, THERE ARE 1 TG 2 P1TS PER SQUARE CENTIMETER,
MINERALOGY.

PYROXENE 70 PERCENT. OCCURS AS LATH LIKE PHENGCRYSTS .10 MM X 0.5 MM
€10 X 0.1 MM MGRE CONHONI. AND AS EGUANT (0.5 MR) GRAINS IN GROUNDMASS.
BOTH PIGECHITE AND SURCALCIC AUGITE PRESENT. PIGECHITE HAS ALPHA LESS THAN
1.700. GAMMA ABOUT 1.740.
AUGITE HMAS ALPHA ABGUT 1.71Q., GAMMA ABQUT [.745. THIS INCICATES FE/FE+MG
CF ABOUT 0.5 OR GREATER.

PLAGIOCLASE 20 PERCENT. LATH SHAPED CRYSTALS INTIMATELY INTERGROWH WITH
PYROXENE. v

OLIVINE | PERCENT. CLEAR GREEN EQUANT GRAINS. ONLY SEEN IN POWDERED
GRAIN MOUNTS. NGT 03VIOUS IN HAND SPECIMEN ALPHA ABOUT 1.700. BETA ABOUT
1.720. GAMMA ABOUT 1.740. THIS INDICATES FE/FE+MG OF ABOUT 0.35.

OPAQUES S PERCENT. BLADED. PROBABLY ILMENITE.
THERE APPEARS TO BE A CONCENTRATION OF OARK MINERALS TOWARD VUGS.
TERRESTRIAL ANALQGUE. DIABASE.

SAMPLE NO. 12085 LARGE ROCK FROM TOTE BAG CHAQ
SIMENSIONS ABOUT 12 X 10 X 8 CM ROUNDED RROMBIC-SHAPED BLOCK.

GENERAL APPEARANCE - THIS IS A MASSIVE MEDIUM GRAY FINE-GRAINED HOLO-
CRYSTALLINE RGOK WITH A LAVENDER BROWNISH TINGE. SULIGHTLY VUGGY. WITH RARE
BUT TRUE VESICLES (LESS THAN 1| MM IN DIAMETER). ALTHOUGH THE SURFACT .5
ROUNDEO. DUE T THE PREDGMINANT PLATY OR PRISMATIC HABIT OF THE MINERALS
PRESENT. THE ROCK HAS. IN DETAIL, A HACKLEY OR STEP-LADDER SUBPARALLEL FABRIC
OF THE ROCK.

SURFACE FEATURES - GLASS (DARK) LINED PITS A FEW PER SQUARE CM UP TO 3 MM
ACROSS ON ALL SIDES. WHITENING OF MINERALS DUE TG FRACTURING 1S CHARACTERISTIC
ON SUCH ROUNDED SURFACE., PATCHES OF GLASS SPLASHES (GLOBULAR MASSES. DARK
COLORED)Y ALSO PRESENT.

TEXTURE AND GRAIMN SIZE - PORPHRYRITIC. SUBPARALLEL TO FAN-SHAPED OR STEP-
LADDER ARRANGEMENT GF GROUNDMASS (MOSTLY BLADED OR PRISMATIC-SHAPED CRYSTALS)I.
{.E.. TNED TO BE TRACHYTIC. THIS TEXTURE [S DISTINCT FROM THE MICROGABBRO 12063
OR THE GPHITIC TEXTURE OF DIABASE 12038. BASED ON THE TEXTURE ALONE. THIS ROCK
IS THE FINE-GRAINED EQUIVALENT OF (2021,
MOST GRAINS ARE PLATY OR PRISMATIC 0.05 - 0.1 X 0.4 - 0.6 MM, AVERAGE GRAIN
SIZE LESS THAN 0.3 MM.

MINERALS - MEGASCOPIC

1. LAVENDER OR PURPL ISH BROWN PRISMATIC. PLATY CLINOPYROXENE ABOUT 45

PERCENT.

2. MILKY WHITE TO CLEAR LATH-SHAPED TO SHEAFS ALTERNATING wITH THE
CLINOPYROXENES ABOUT 40 PERCENT.

3. BLACK. YITREOUS LUSTER ON FRACTURES. NARROY PLATY HABIT. ILMENITE
ABOUT 10 - 1D PERCENT.
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Figure A-57.- Sample 12085.
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4. GRSENISH YELLOW GLIVINE AECUT 2 PERCENT (LESS THAN 2 PERCENTJ.

SHOCK - MO EVIDENCE OF SHOCK, FRACTURES ARE 0F NO SPECIAL SICNIFICANCE.

REMARKS - THIS ROCK IS SIMILAR TO 12063 IN HINERAL COMPOSITIZN BUT DISTINCT
IN TEXTURE. THE SUBPARALLEL AND ELGNGATE HABIT Cr THE MAJCR MINERALS SUGGEST
THAT IT IS A PART GF A FLOW UNIT UNLIKE THE MICROGABCRO.
BECAUSE OF TS UNIQUE TEXTURE THIS ROCK IS OF PETROGRAPHIC INTEREST. ALSO
SUITABLE FOR BULK CHEMICAL CGMPOSITION AND BULK ROCK AGES. T IS OF PARTICULAR
INTEREST IN THE ORIGIN OF THE TEXTURE AND THE PARAGENESI[S OF THE MINERALS.
MINERAL COMPOSITION NOT DETERMINED OPTICALLY.
THIS ROCK 1S AN CLIVINE-BEARING TITANIFEROUS BASALT WITH A VARICLITIC-LIKE
TEXTURE OR A NEW TEXTURE CHARACTERISTIC OF COOLING IN A CERTAIN LUNAR
ENVIRONMENT.

SAMPLE NO. 12065.1 SMITH. R. L.

DARK YELLOWISH BROWN HOLOCRYSTALLINE ROCK CHIP. 15 X 14.5 X 5.7 MM

SAWED FACE SHONS GNE SMOOTH WALLED VESICLE. ! MM IN DIAMETER THAT OPENS ON ONE
SIDE INTO A VUGGY AREA AND GPEN MESHWORK OF GROUNCMASS PYROXENE/FELDSPAR
CRYSTALS UP TO .75 MM LONG. THE ROCK IS PORPHYRITIC WITH LARGE PRISMATIC
PHENOCRYSTS OF ZONED PIGECNITE SET IN A PECULIAR GROUNDMASS (SEE PHOTOS) OF
SUBRADIAL. STELLAR. AND CURVED RADIAL INTERGROWTHS OF CLINOPYROXENE AND
PLAGIOCLASE. THESE INTERGROWTH BUNDLES TENO T3 GROUP IN OPHITIC PATTERNS.
PIGEONITE PHENOCRYSTS 30 0/0., GROUNDMASS CLINCPYRCXENE 20 0/0. PLAGIO-

CLASE 45 PERCENT., OPAQUES 5 PERCENT. OLIVINE | PERCENT.

QLIVINE PIGEGNITE
NB APPROXIMATELY 1.732 2v = 5 OEGREES TD 10 DEGREES
NA GREATER THAN 1.732 R GREATER THAN V

NG LESS THAN 1.748

SAMPLE NO. 12068S.1 THIN SECTION FRONDEL

THE CLIMOPYRGXENE IN THIS ROCK 1S PIGEONITE. THE 2V WAS OBSERVED 7O RANGE
FROM ABOUT S DEGREES UP TO ABOUT 12 DEGREES. A VARIATION IN 2v IN INGIVIDUAL
CRYSTALS WAS GENERALLY OBSERVED.

SAMPLE NO. 12065.6 POLISHED THIN SECTION IN 64-7952 CHAO
TEXTURE - PORPHYRITIC. VARIOLITIC-LIKE.
GRAIN SIZE - CLINOPYROXENE PHENOCRYSTS - THIN LONG . 150 MM WIDE
4 MM LONG T0 .4 X 3.0 MM,
GROUNDMASS - 10 MICROCGRAMS X 300 MICROGRAMS BLADES.
MINERALOGY -

1. CLINOPYROXENTZ PHENOCRYSTS - PALE PINKISH 8ROYN OUTER ZONE WITH CLEAR
INNER CORE. OISTINCTLY ZGNED (USUALLY 2 CLEAR ZONES. MOST SHOW SMALL 2V. SOME
THE INNER CORE HAS 2V NEAR ZERO. THE QUTER ZONE 2V ABOUT 1S DEGREES. OTHERS
THE CORE HAS 2V ABOUT 10 DEGREES AND QUTER ZGNE 2V ABJUT 25 DEGREES. BIAX. (+i.
THUS PRECOMINANTLY PIGEGNITIC.

CLINOPYROXENE IN GROUMONASS - VARIES FROM PARALLEL GROVTH ALTERNATING WITH
CALCIC PLAGIOCLASE TO SU3SPARALLEL TO FAN-SHAPED. PREDCMINANTLY WINE PALE BROUN
COLOR. 2V ABOUT 30 DEGREES BIAX. (+), THUS MORE SUBCALCIC AUSITE AND PIGEONITE
MIXTURE.

2. PLAGIOCLASE - LONG BLADED. POLYSYNTHETICALLY TWINNED., ORIENTATION NOT
SUITABLE FOR ESTIHATING COMPOSITION, SOMETIMES 2 OR SEVERAL BLADES EXTINCT
TOGETHER. SLIGHTLY LONGER THAN THE INTERGROWTH PRISMATIC CLINOPYROXENE.

3. OLIVINE - AT LEAST HALF A DOZEN GRAINS OBSERVED. EQUANT, UP TO 0.5 MM
BIAX. (-) LARGE 2V. CLEAR. PHENOCRYSTIC.

4. OPAQUES - A, THIN PLATY WP TQ 0.6 MM LCNG BUT ONLY 60 MICRG UNITS
WIDE. ILMENITE.

8. CUBIC OUTLINE. OR CUBO-CCTAHEDRAL OUTLINE - SPINEL
GROUP - CHROMITE. LESS CNAMMON.
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SOMEONE SHOULD MEASURE THE MUDE -

REMARKS - THIS IS A PORPHYRITIC. OQLIVINE BEARING C(LESS THAN 1 PERCENT)
ILMENITE BASALT WITH A UNIQUE TEXTURE. THE SURPARALLEL PHENOCPYSTS SUGGEST
FLOW, THE TEXTURE SHOULD BE OF [NTEREST TO THE PETROGRAPHERS. THE AMOUNT QF
ILMENITE IS LESS THAN APQLLO 1! RCCKS. THIS TEXTURE IS UNIQUE TQ APGLLO 12.
NOT STUDIED WITH REFLECTED LIGHT,

SAMPLE NO. 12085.7 A THIN SECTION OF A TOTE BAG SAMPLE HARMON

A HOLOCRYSTALLINE ROCK WITH A GENERALLY APHANITIC GROUNDMASS AND PYROXENE
PHENGCRYSTS., FOUR BASIC MINERAL PHASES ARE PRESENT. A CLINOFYROXENE. A
PLAGIOCLASE FELDSPAR. AN CPAQUE OXIDE AND CLIVINE.

1. CLINOPYROXENE, OCCURS AS BOTH PHENJCRYSTS AND GROUNDMASS MATERIAL.

THE LARGER GRAINS RANGE UP T( 2 MM IN GRAIN SIZE. THESE PHENOCRYSTS ARE MOSTLY
EUHEDRAL GRAINS THAT RESORPTION OR REMELTING EFFECTS AS SHOWN BY THE FACT THAT
CRYSTAL BOUNUDARIES ARE IRREGULAR AND MOST CROSS SECTIONS PRESENT SHOW ZONING.
IN THE GROQUNDMASS IT CCCURS AS SLONGATE RADIATING CRYSTAL AGGREGATES. INTER
GROWN WITH PLAGIOCLASE FELOSPAR., A TEXTURE INDICATIVE OF RAPID COOLING.
MANY OF THE PHEKOCRYSTS OF CLINOPYROXENE SHCW A ZONED CROSS SECTION WITH THESE
GROUNDMASS AGGREGATES OF CLINCPYROXENE AND FELDSPAR IN THE CENTER. PHENCCRYSTS
ARE PIGEONITE.

2. PLAGIOCLASE FELDSPAR, OCCURS AS GROUMDMASS MATERIAL IN TWO FORMS.

A) STUBBY. LATH SPADETD GRAINS. RECTANGULAR IN HABIT AND
B8] RADIATING ELONGATE GRAINS INTERGRO¥YN ¥ITH THE A CLINOPYRGXENE OF
THE SAME HABIT.

3. OPAQUE OXIDE. OCCURS AS PLATY AND IRREGULARLY SHAPED GRAINS. MQOST
GRAINS CUT ACROSS GRAINS OF ALL OTHER PHASES. BUT SCME OF THE LARGER GRAINS
TOTALLY ENCLOSE SOME SMALL FELDSPAR GRAINS. OPAGUES APPEAR TQ BE MORE ABUNDANT
IN THIS ROCK THAN ANY OTHER OGSSERVED T0 DATE.

4. OLIVINE. OCCURS AS LARGE GRAINS UP 70 1 MH IN GRAIN SIZE. MOST
GRAINS ENCLCSE SMALLER GRAINS CF THE OPAQUE.

ROCK NAMF. 01 TVINF BFARING RPIGEGNITE. ILMENITE BASALT
A 500 POINT COUNT OF THIS SECTION RESULTED IN THE FOLLOWING MODES.

NUMBER POINTS PERCENTALS
PIGEONITE PHENOCRYSTS 162 32.4
CLINOPYROXENE GROUNDMASS 136 27.2
GPAGUE OXIDE 63 12.6
PLAGIQCLASE GROUNDMASS 115 23.0
OLIVINE 13 2.6
VOID SPACE 11 2.1
SAMPLE NO. 12085.,7 FINE GRAINED BUT UNPOL ISHED wiLcox

(FIELD 1.2 MM DIAMETER WITH (0X OBJECTIVE). THIS I35 A COARSE PORPHYRITIC ROCK.
WITH MANY LONG PHENQCRYSTS OF CLINGPYROXENE UF TO 2 MM LENGTH. A FEW OF
OLIVINE (UP TO 1/2 HM). AND BLADES. ETC.. OF OPAQUES. GROUNDMASS IS ACICULAR
BUNDLE AND ROZETTE INTERGROWTHS GF CLINOPYROXENE AND PLAGIOCLASE UP TO ABOUT
0.5 MM LENGTH AND ELONGATE OPAGUES.
A STRKING FEATURE OF THE CLINGPYROXENE PHENGCRYSTS IS THEIR STRONGLY EXPRESSED
ZONING. A CENTRAL PORTION OF SLIGHT COLOR AND LOW OPTIC ANGLE RIMMED BY PALE
REDDiSH BROWN PYROXENE OF MOUERATE OPTIC ANGLE AND HIGHER BIREFRINGENCE THAN
THAT OF THE CENTER. FROM THE CENTER QUTWARD THE OPTIC ANGLE INCREASES, FROM
NEAR 0 DEGREES TO SAY 10 OR 15 DEGREES AT ABOUT 3/4 OF THE WAY OUT. THEN
RAPIDLY TC ABOUT 40 CR S0 RBEGREES IN THE RIM.
APPROXIMATE MOQODE.

PHENGCRYSTS ABOUT 40 PERCENT

GROUNDOMASS S0 PERCENT

CLINOPYROXEME 65 PERCENT

PLAGIOCLASE 20 PERCENT
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OPAQUES 8 PERCENT

GLIVINE S PERCENT

CRISTOBALITE 2 PERCENTY

LAVENGER MINERAL TRACE
CLINOPYROXENE (SEE ALSO AQOVED

PHENOCRYSTS ELCNGATE SCME CROSS SECTIONS ARE LOZENGE SHAPED ZONED. GROUND-
MASS CLINGPYROXENE ARE MORE STRONGLY COLORED THAN RIMS OF PHENQOCRYSTS,. IN
YELLOWISH BROWNIS~ HUES. OPTIC ANGLE CSTIMATED MODERATE. POSITIVE ON 9HNE
CRYSTAL.
SIREFRINGENCE STILL HIGHER ThHAN PHERGCRYST RIMS.
PLAGIOCLASE APPEARS TO BE CALCIC BUT NI CLOSE ESTIMATE OF AN CONTENT MADE. IT
1S COMMONLY PRESENT [N GROUNDMASS AS A GRAPHIC INTERGROYTH WITH PYROXENE AND
OPAQUES.
OPAQUE MINERAL QCCURS CHIEFLY AS PLATES WITH ENHMEDRAL TERMINATIONS. RARELY
GRADING INTO TRAMSIHCFENT NEFP RFN FROVN COLOR ( A SEPARATE MINERAL).
OLIVINE OCCURS AS SCATTERED STUBBY CRYSTALS
CRISTOBALITE SCATTERED GRAINS INTERSTITIAL TO GROUNDMASS PLAGICOCLASE ANDO
CLINOPYROXENE.
LAVENDER MINERAL [SPINEL3I IS PRESENT AS RARE SMALL PLATES. HIGH INGEX, LOW OR
ND BIREFRINGENCE.

SAMPLE NO. 12065.7 THIN SECTION FRONDEL

AN UNUSUAL ROCK. CHARACTERIZED BY PHENGCRYSTS OF FIGEONITE WITH A RELATIVELY
COARSE GROUNDMASS CCHPGSED OF FAN LIKE TO RADIAL TO SUBPARALLEL AGGREGATES

OF LONG PRISMATIC TO ACICULAR PLAGIOCLASE AND PIGEONITE. THE PIGEONITE IS
VERY STRONGLY ZONED., THE TEXTURED RELATIONS INDICATE RAPID CRYSTALLIZATICON
DURING THE CLOSING STAGES. A SIMILAR BUT MUCH LESS MARKED TEXTURE WAS NOTED IN
12057, 18 SEE PHOTQOGRAPHS. ROCK IS A PIGEONITE BASALT.

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE
E-SPEC ANALYSIS
RARE GAS ANALYSIS

TOTAL CARBON ANALYSIS
X-RAY ANALYSIS
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SAMPLE 12070

SAMPLE NO. 12070.0 WEIGHT. 1102.0 GRAMS HARMON
CONTINGENCY FINES WILL NOT 8E EXAMINED DURING PET TO PREVENT CONTAMINATION.
THE FOLLOWING EXPERIMENT WAS CONDUCTED CN THIS SAMPLE

E-SPEC ANALY3IS

RARE GAS ANALYSIS
X-RAY ANALYSIS
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SAMPLE 12071

SAM™LE 1207 DECEMBER S. 19868 WONES
SEFARATED THESE CHIPS INTO DAUGHTER SAMPLES.
12071 FINES IN CAN 34 28 .83 GRAMS

12071.6 MICROSRECCIA CHIPS IN CAN 52 0203 2.08 GRAMS
12071.3 BASALT SCORIA IN CAN 31 017! 3.55 GRAMS
12071.4 OLIVINE BASALT IN CAN 51 G172 1.15 GRAMS
12071.5 CHIHUAHUA SPQOR IN CAN $%1 0151 1.38 GRAMS

SAMPLE NO. 12071.6

THREE CHIPS. ALL HAVE IRREGULAR PQOLYHEDRAL SHAPES.

LARGEST. 1.5 X 1.0 X 0.7 CH

MIDOLE. 1.0X 1.0X 0.7

SMALLEST., 0.5 X 0.5 X 0.7 CH

NEUTRAL (N7) WITH WHITE SPECKS (N3)., FRAGMENTAL. LARGEST RBCK AND MINERAL
FRAGMENT 2 MM IN OTAMETER., PLAGIJCLASE/PYROXENE ROCK DOMINANT TYPE. OLiVINE
AGGREGATES AND OPAQUES OBSERVED. GLASS SPHERES ALSO SEEN. CHIPS TQO SMALL FOR
MACROFABRIC. NO FRACTURES GBSERVED. EXCEPT FOR BPECCIATICN OF CGLIVINE AND
PLAGIOCLASE. PITS AND GLASS ADHERING 7O SURFACES. GLASS. PLAGIGCLASE. PYROXENE
OLIVINE AND OPAQUES. TERRESTRIAL ANALOGUE. MICROGRRECCIA.

MICROBRECCIA. LARGEST FRAGMENT 2 MM DIAMETER. PLAGIOCLASZ/PYRGXENE DOMINANT
ROCK FRAGMENTS, OLIVINE. OPAQUES GLASS SPHERES ALSO GBSERVED. PITS AND GLASS
ADHERING TO SURFACE. VERY SMALL CHIPS,

SAMPLE NO. 12071.3 ODIMENSIONS 1.7 X 1.5 X 1.3 CH YONES

ROCK PLACED IN CAN 51 0171. [IRREGULAR LUMP., NEUTRAL (N7) GRAY. VESICULAR.
LARGE (1 CM) COALESCING VESICLES WITH POLYHEDRAL SHAPES. FINE GRAINED CRYSTAL
LINE LESS THAN 0.1 MM GROUNDMASS WITH 0.1 MM CIRCULAR vESICLES. NO FRACTURES
OBSERVED. MAJORITY QF SURFACES FRESH. SOME SHATTER ZONES., GLASS AND PITTING
ON ONE FACE.

MINERALOGY. FLAGIOCLASE ANDG PYROXENE. NOTHING ELSE LARGE ENQUGH TO SEE. NO
ALTERATION OF CRYSTALS IN VESICLES.

TERRESTRIAL ANALOGUE. BASALT SCCRIA.

BASALT SCORIA. LARGE COALESCING POLYHEDRAL VESICLES. FINE GRAINED (LESS THAN
+1 MM} GROUNDMASS. NO FRACTURES. MOST FACES FRESH. GOOBD YOLCANIC TEXTURE.

SAMPLE NO. 12071.4 DIMENSIONS 1.0 X 1.0 X 0.8 CM ¥ONES

PLACED IN CAN St 0172, IRREGULAR LUMP. NEUTRAL GRAY (N2). VUGGY. FINE
GRAINED LESS THAN 0.1 MM GROUND MASS PCRPHYRITIC. NO LINEATION. VUGS MAY BE
CLUSTERED. NO FRACTURES OBSERVED. PITS. GLASS SMEARS. SHATTERED ZONES ON
SURFACE,

MINERALOGY MOOE. GROUNDMASS 90 PERCENT

OLIVINE PHENGCRYSTS 10 PERCENT

OLIVINE. EUHEDRAL EQUANT 0.2 MM GRAINS.

TERRESTRIAL ANALOGUE. OLIVINE BASALT.

SAMPLE NG. 12071.5 DIMENSICNS 2.0 X 0.7 X 0.8 CM DEUS EX MACHINA

LONG IRREGULAR LUMPY (CHIHUAHUA SPCCR). LIGHT GRAY (N83. HIGHLY IRREGULAR.
VESICULAR. FINE GRAINED., COARSE GRAINED. GLASSY. IN SHORT. A REAL MESS,
SCORIACEOUS WITH CRYSTALS IN CAVITIES. GLASSY LAYERS. ADHMERING DUST., VESICLES
APPEAR PCLYHEDRAL. NO FRACTURES OBSERVSD. ADHERING DUST. NONE OF TYPICAL
LUNAR MATERIAL.

MINERALOGY. MGOE RIODICULOUS. CLEAR PLATY CRYSTALS IN VESICLES. MAY BE
TRIDYMITE. 0.2 HM DIAMETER,

TERRESTRIAL ANALOGUE. LITHOPHYSAE. COPROLITE. BRECCIATED SCORIA. YOU PICK IT
LARGE CRYSTALS IN CAVITIES. MAY CONTAIN TRIDYMITE.
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NASA-S-69-61219

NASA-S-69-61220 NASA-S-69-61221

Figure A-58. - Sample 12071.
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SAMPLE 12072

SAMPLE NO. 12072 VWEIGHY 103.6 DIMENSIONS 5 X 2 X 2.7 CM LOFGREN

AN EGG SHAPED MEDIUM GRAY IGNMECZUS APPEARING VUGGY ROCK . THE SURFACE IS
SLIGHTLY PITTED AND SHOWS A SURFACE YHITENING PRESUNADLY RELATED TO CHALKY
FELDSPAR CRYSTALS ON SURFACE. THE VUGS ARE SUSRGUNDED AND LINED ¥ITH CRYSTALS
OF PYROXENE AND OLIVINE. THE LATTER BEING RARE. THE VUGS ARE RANDGHLY
ORIENTATCD AND IRREGULAPLY DISTRIAUTED THROUCHBUT THE RGCK. FRACTURES ARE FEW
AND PARALLEL THE SURFACE. PITS ARE GLASS LINED AND RANGE FROM 0.5 TG 1.5 MM

IN DIAMETER., MOST HAVE HALOES OF WHITE MATERIAL. SGHE ARE AT THE SURFACE AND
SOME PITS STILL BOTTOH BELOW THE SURFACE UP TO 1/2 MM DEEP. DENSITY IS SMALL
AND ABOUT SAME CN BOTH SIDES APPROXIMATELY {/CM2. OLIVINE IS ABUNDANT 5 TO 10
PERCEN1T. PLAGICCLASE AND PYROXENE BOTH OBVIQUS. PYROXENE IS HONEY BROWN.
ILMEMITE 1S NOT 0BVIOUS.

NASA-S-69-61743 NASA-S-69-61756

NASA-S-69-61740 NASA-S-69-61748

Figure A-59. - Sample 12072.
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SAMPLE 12073

SAMPLE 12073

SAMPLE NO. DIMENSIONS 10 X 6 X & CH LOFGREN

NO VESICLES EXCEPT IN FRAGMENTS, FEW FRACTURES. RANDCM FRACTURE ORIENTATION.
MUCH GLASS ON SURFACE.

IS A& MEDIUM GRAY RECTANGULAR MCODERATELY ROUNDED BRECCIA OR TYPE C ROCK. THE
COLOR OF A FRESHLY BROKEN SURFACE 1S ONLY SLIGHTLY LIGHTER THAN ORIGINAL SURFACE
THE SURFACE IS PITTED AND MAS GLASS COATING. THE PITS ARE GLASS LINTD AND
SHALLOW. THEY RESEMBLE THE PITS ON CRYSTALLINE RX MORE THAN THE PITS ON THE
BRECCIAS IN THE APOLLO {1 ROCKS. SOME EVEN HAVE SLIGHT HALOJES. THE SURFACE
DENSITY IS REASONABLY EVEN OVER THE SURFACE APPRCXIMATE 2 T0 3 CM2. THE ROCK
HAS LARGE AREAS QF VESICULAR GLASS SPLASH THAT APPEARS TO BE A COATING. ANGTHER
AREA OF GLASS SEPARATE FROM THE LARGE SPLASH HAS MORE THE APPEARANCE OF BEADED
SOLDER WITH RADIATING FRACTURES AND RIDGES FROM THE GLASS. THE LARGE GLASS
COATING SHOULD BE COLLECTED AND PROBED. THERE ARE NOQ LINEATIONS AND FRACTURES
ARE MOGERATELY ABUNDANT AND RANDOMLY ORIENTATED.

THIS BRECCIA IS HARDER THAN THE AVERAGE APOLLO 11 BRECCIA AND MOST SIMILAR TO
APOLLG 11 BRECCIA 10056 ¥HICH APPEARS TO BE BAKED. THE CRYSTALLINE FRAGMENTS
ARE MOSTLY VESICULAR AND FINE GRAINED. SOME ARE COARSE GRAINED AND VUGGY. FEW
OLIVINE RICH FRAGMENTS WERE OBSERVED.

ROCKS 12073 AND 12074 ARE PARTS OF THE SAME ROCK. [ RECCMMEND THAT WE COMBINE
THE NUMBERS TQ 12073 AND MAKE THE PIECES CNE ROCK NUMBER,

THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
RCL ANALYSIS

NASA-S-T70-44330 NASA-S-69-61079

Figure A-60. - Sample 12073.
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SAMPLE 12075

SAMPLE NG. 12075 WEIGHT 232.5 ODIMENSIONS 8.5 X 5 X 5 CM. D.R. WONES

SHAPE. TRIANGULAR PRISM WITH PROJECTIGN AT ONE END. ROUNGED EDGES ON ONE
END. EXTENDED CORNER ABCUT TO BREAK OFF.

COLOR. NEUTRAL GRAY NS5 TO N6 GSA ROCK COLOR CHART.

TEXTURE. VUGGY., FINE GRAINED C(LESS THAN 0.1 MM GROUNOMASS) PORPHYRITIC.
EUHEDRAL OLIVINE PHENOCRYSTS (0.2 MM) IS A GROUNDMASS DOMINATED BY PLAGIDCLASE
AND PYROGXENE., EUHEDRAL CRYSTALS OF PYRGXENE AND PLAGIOCLASE (0.4 MM)

ARE IN VUGS. VUGS ARE CLUSTERE(D AND RANGE FROM 2 70 7 MM IN DIAMETER.

FABRIC. NG LINEATIONS. VUGS TEND TO BE IN A PLANAR MASS. FAIRLY ABUNUANT 5 TO
10 PERCENT,

FRACTURE. FRACTURE OGN EDGE OF POINTED PROJECTION (SEE ABOVED. ORIENTATION
RELATED TO PRESENT SURFACES CF BLOCK. .

SURFACE FEATURES. ONE SIDE FRESH. LONG SIDES ROUNDED, COVEREQD ¥ITH SHATTERED
MATERIAL, PITTED WITH SCME HALGES. SURFACE FEATURES MOT NOTABLE.

PLAGIOCLASE S0 PERCENT
PYROXENE 30 PERCEN
OLIVINE 20 PERCENT

MINERALOGY. OLIVINE (20 PERCEM™3. EUHEDRAL. GREEN. TABULAR. PHENZCRYSTIC,
BUT ALSO IN VUGS. OPTICS. (¥ILLCOX AND WONES) ALPHA ABOUT 1.695. BETA ABOUT
1.720. AND GAMMA ABOUT 1.740. FE/FE + MG ABOUT 0.30. X RAY. (¥.B8.NANCE] 130
0 SPACING INDICATES 0.45 FE/FE+MG. OISCREPANCY DUE TO 6.05S CA. VERIFIED BY
O0ES (ROSS TAYLOR) SI.MG GT FE GT GT CA GT GR MN. TI. AL. NI. ZR MOT DETECTED.
PLAGIOCLASE £50 PERCENT). LATH SHAPED. WHILE STRIATED. SUBOPKITIC IN
GROUNDMASS. LARGEST LATH 0.2 MM, WELL SHAPED IN YUGS. GAMMA LESS THAN

1.588 (WILCOX)

PYROXENE (30 PERCENT), EQUANT TO LATH SHAPED. OPTICS (WILCOX) ALPHA ABOUT
1.700. BETA ABOUT 1.705. GAMMA ABOUT 1.725. THIS WOULD INDICATE FE/FE+MG OF
ABOUT 0.50. UNCOLORED PYROXENE HAS SLIGHTLY LOWER GAMMA.

OFAQUES (LESS THAN | PERCENT). SOME ILMENITE LAMELLAE. LARGEST GRAIN IN

VUGS CONTAIM COARSER CYRSTALS. ALL ARE PRESENT IN YUGS. BUT OLIVINE CONTENT
1S LOWER, MORE OPAQUES IN VUGS.

TERRESTRIAL ANALCOGUE. OLIVINE BASALT.

SPECIAL RECOMMENDATION. VUGS SHOULD BE PRESERVED FOR SINGLE CRYSTAL WORK.
SMALL OPAQUE GCTAHEDRA SROULD 8E ICENTIFIED.THEY COULD BE MAGMETITE. THIS
WOULD BE IMPORTANT IN DETERMINING WHETHER ANY {ATE STAGE OXIDATICN TOGK PLACE.
CRYSTALS SHOULD BE PRESERVED BEFORE THEY ARE LOST.

SAMPLE NO. 12075 CONTINGENCY BAG CHAQO
WEIGHY 232.5 GRAMS DIMENSIONS 8 X 5 X 4.5 CM LOAF OF BREAD SHAPED
GENERAL .PPEARANCE - THIS IS A MEDIUM GRAY. FINE-GRAINED. VERY YUGGY. HOLO-
CRYSTALLINE ROCK WITH A LAVENDER TINGE. [T IS SIMILAR TO 12083 IN APPEARANCE.
SURFACE FEATURES - TOP ROUNDED SURFACES COVERED WITH MANY SHMALL GLASS
LINES PITS. THE FLAT FRACTURE SURFACE OR BASE IS FREE OF GLASS PITS. WITH
VUGS UP TC 0.8 CM. IN ONE QUADRANT OF THIS FLAT SURFACE. VESICLES NOT FOUNG.
TEXTURE AND GRAIN SIZE - SLIGHTLY TRACHYTIC. PORPHYRITIC. SIHILAR TEXTURE
AS 12065 EXCEPT THIS ONZ 1S MORE PCRPHYRITIC.
THE GREENISH YELLOW OLIVINES ARE CQOARSER AND PHENOCRYSTIC C(UP TO 1 MM). THE
LAVENDER GR PURPL1SH BROWN CLINGPYRGXENE OCCURS AS LONG PRISH (UP TO 1.8 MM,
IN THE VUGS.
HINERALQGY - MEGASCOPIC
{. GREENISH YELLOW OLIVINE. PHENOCRYSTIC. CONTAINS DARK CPAGUE INCLUSIONS
SOME ARE BEAUTIFUL OCTAHEDREA (SPINEL GROUP. CHECK CHROMITE)D. ABGUT 30 + 0/0.
2. LAVENDER BROWN PRISMATIC CRYSTALS OF (YELLOWISH CORE) CLINOPYROXENE
WITH BUNCHES OF RADIATING PRISMATIC CRYSTALS ALONG THE LARGER PHENCGCRYSTIC
CLIMOPYRGXENE. ABOUT SO0 PERCENT. TXE YELLOWISH CORES ARE PRUSAELY PIGEONITE.
3., CLEAR PLAGIOGCLASE. INTERGROWN WI1TH SMALL CLINOPYROXEKE BLADZS. ABOUT
1S PERCENT.
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NASA-S-70-44018 NASA-S-70-44020

NASA-S-70-44023 NASA-5-70-44015

Figure A-61. - Sample 12075.
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4. PLATY THIN BLACK ILMENITE. ALSO PARALLEL SHEAF GROYTH ¥ITH EITHER
PLAGIOCLASE OR CLINQPYROXENE. ABOUT 5 PERCENT.

S. SMALL (UP TO 100 MICROGRAMS) CCTAREDRAL OPAQUE SPINEL - CHROMITE.

SHOCK - NO EVIDENCE. FRACTURES NOT IMPORTANT.

REMAKKS - THIS IS A CUMULATIVE OLIVINE RICH ROCK CPICRITE BASALT) SIMILAR
TG 12065 IN TEXTURE. EXCEPT THE OLIVIKE CONTENT. YUGGY. NICE CRYSTALS OF
CHROMITE. OLIVINE AND CLINOPYROXENE CAN 8 PICKED OUT FOR DETAILED MINERALOGI-
CAL AND X-RAY CRYSTAL STUDIES.
ROCK MAY BE CLASSIFIED AS SIMILAR TO A PICRITE BASALT., THE AMOUNT OF PLAGIO-
CLASE AND OF CLIVINE SHOULD BE BETTER ESTIMATED FROM A THIN SECTION. AS WELL
AS TO CONFIRM THE SIMILAR TEXTURE BETEEEN THIS ROCK AND 12065. THIS ROCK IS
ALSO MORE PQRPHYRITIC,

SAMPLE NO. 12075.1 ROCK FRONDEL

AN OLIVINE PYRGXENITE. CONTAINS VERY LITTLE PLAGIOCLASE. THE ROCK IS
UNUSUAL TN CONTAINING VUGS INTO WHICH PROJECT WELL FORMED PRISMATILC CRYSTALS
OF PYROXENE. NO OPTICAL DATA TAKEN BUT SUSPECT PYROXENE TO BE AUGITIC.
PHOTOGRAPHS TAKEN OF ROCK. TERRESTRIAL PYROXENITES GENERALLY LACK VUGS CR
CAVITIES OTHER THAN CAUSED BY LATER HYDROTHERMAL ACTION.

SAMPLE NO 12075.1 BRETT

THE ROCK IS AN ANGULAR FRAGMENT. A CHIP. SO SHAPE IS OF NO GREAT SIGNIFICANCE.
APPROXIMATE DIMENSIONS ARE 1.5 X 1 X 0.75 CM. COLOR MEDTUM GREY. SALT AND
PEPPER WITH GREEN OLIVINE CRYSTALS EVIDENT UPON CLOSE MACROSCGPIC INSPECTION.
TEXTURE HCOLOCRYSTALLINE BASALTIC. NO LINEATIGNS EVIDENT EXCEPT AN EXTREMELY
IRREGULAR PLANE RICH IN IRREGULAR VUGS UP TO 2 MM [N DIAMETER UP TO ABOUT 10 PER
SQUARE CM. REMAINDER OF ROCK CONTAINS NO VUGS. VUGS ARE OvVOID 70 SPHERICAL TO
IRREGULAR DUE TO COALESCENCE. VUGS ARE VERY RICH IN WELL NEVELOPED PRISNATIC
LAVENDER BUFF PYROXENE CRYSTALS UP 10 2 MH, THESE RARELY PRQ'SCT [NTOQ VUG. LINE
VUGS FORMING GNE OR MORE WALLS OF A VUG AND ARE RICH IN THAT PORTION OF THE
ROGCK SURROUNDING VUGS. RARE PLAGIOCLASE PLATES ALSO LINE VUGS. MARKED
COARSENING OF GRAIN SIZE IN REGIONS SURROUNDING VUGS. NO FRACTURES EVIDENT.
NG SURFACE FEATURES EVIDENT.

MINERALOGY. MODAL PERCENTAGES ARE VERY APPROXIMATE.

OLIVINE 45 PERCENT

PYRCXENE 40 PERCENT

PLAGICGCLASE S TO 10 PERCENT

ILMENITE 5 7O 10 PERCENT

GLASS LESS THAN | PERCENT

GLIVINE. IN MAIN MATRIX OF ROCK GREEMN OLIVINE GRAINS EASILY VISIBLE AS
CRYSTALS TO 0.3 M1 IN A FINER GRAINED MATRIX, INDEX YERY APPROXIMATE G =

1.735 (SMITH) GIVING FQ70 GR $O. VERY ROUGH. FINER GRAINZD OLIVINE 0.1 MH OR
S0 IN THE FINE GRAINED MATRIX. 1S [T SAME COMPCSITION.

PYROXENE. AS PRISMATIC CRYSTALS ASSURED VUGS. ALSO AS FINER GRAINED SUBHEDRAL
GRAINS ABOUT 6.1 MM IN MATRIX. ARE 2 PYROXENCS FRESENT.

PLAGIUCLASE. RARE 0.1 MM SOMEWHAT LATH LIRKE GRAINS AND RARE SHEAVES BETWEEN
INTERSTICLES OF MINERALS. NO TWIMNING SEEN.

[LMENITE. OPAQUE LATHS AND SUBHEDRAL GRAINS PRESENT. 0.1 MM OR SO. NO POSITIVE
IDENTIFICATION FOR ILMENITE.

GLASS. DARK, NEARLY OPAQUE GLASS SPHERES TG 0.5 MM IN LARGER QOLIVINE CRYSTALS.
RARE. A GRAIN IF IT CONTAINS SPHERES USUALLY CONTAINS SEVERAL.

TERRESTRIAL ANALOGUE. OLIVINE PYROXENITE. TEXTURE AND MINERALOGY SUGGEST A
CUMULATE ROCK.

STRONGLY RECOMMEND SAMPLE BE USED FOR CRYSTALLOGRAPHIC STUDIES
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SAMPLE 12076

SAMPLE NO. 12076 WEIGHT 34.955 DIMENSIONS 5.0 X 4.3 X 2.6 WONES
IRREGULAR LUMP, VERY FRIABLE. WILL BE IN SEVERAL CHIPS BEFORE LONG. NEUTRAL
GRAY N7 SPECKLED WHITE. FINE GRAINED. SUBSPHITIC. YUGGY. NO LINEATIONS
OBSERVED. LARGE IRTTZULAR VUG. ABUNDANT FRACTURES. NO COMMON ORIENTATION,
THROUGH GOING. SPECIMEN FRIABLE. MOST SURFACES ARE FRESH. THE ONE OLD SURFACE
HAS P1TS WITH GLASS LININGS. VUG COATED WITH SPLASH.
MINERALOGY.
M30E PLAGIOCLASE 44
PYRCXENE 55
OLIVINE 5
OPAGUE LESS THAN 1|
MINERALS PLAGIGCLASE. LATH | MM TO 0.1 MM AND SMALLFR CLEAR TO WHITE.
PYROXENE. BROWN EQUANT 0.1 MM 70 0.1t
OLIVINE. EUHEDRAL GREEN EQUANT 0.2 MM GRAINS.
CPAQUE. SHMALL LESS THAN 0.05 MM BLACK.
LARGE CRYSTALS OF PYROXENE. PLAGIOCLASE. AND GLIVINE. RADIATING ACICULAR
PYRCXENE SHEAVES. ALSO COATING OF SPLASH OR SHATTER ON CRYSTALS IN VUGS,
SHATTER TEXTURES ON SURFACES CF MINERALS. ALTERATION.
TERRESTRIAL ANALOGUE. VUGGY OLIVINE BASALT.

SAMPLE NO. 12076 WONES

X RAY DATA (W, NANCE) AGAIN SHOWS ARQMALCUS 130 SPACING INDICATIVE OF CA IN
OLIVIKE.

THE FOLLOWING EXPERIMENT WAS CONDUCTED OGN THIS SAMPLE
X=-RAY ANALYSIS

NASA-S5-69-61718 NASA-5-69-61726

Figure A-62. - Sample 120786.
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SAMPLE 12077

SAMPLE NQ. 12077.0 W¥EIGKT 22.63 DIMENSIONS 4.6 X 2 X 1.5 CM WCNES
CHIP FELL OFF AFTER ORIGINAL CANNING., CHIP IS LABELED 12077.1. APPROPRIATE
SHAPE, RECTANGULAR PRISH,
COLGR. LIGHT GRAY. N7.
TEXTURE. VUGGY, FINE GRAINED. SUBQPHITIC.
FABRIC. LINEATICN NOT CBVIQUS. BUT ROCK IS ELONGATE AND VUGS MAY BE AL IGNED
PARALLEL T LONG DIMZNSION.
FRACTURE. THROUGH GOING FRACTURE PARALLEL TO LONG DIMENSIONS. SHAPE CF ROCK
DUE TO FRACTURE SYSTEM. RGCK IS FRIADLE AS A RESULT,
SURFACE FEATURES. T®0O SICES ARE ROUMDEID ANDC PITTED. SOME GLASS SPLASH. SOME
SHATTERED MATERIAL. NOT ESPECIALLY GOOD FCOR SURFACE FEATURES.
MINERALOGY.
PLAGIOCLASE (i3 PERCENT). GREY STRIATED LATHS 0.5 MM X 0.05 MM. BETA
ABOUT 1.570. EXT ON 010 LE£SS THAN 38 DEGREES. ANSO,
PYROXENE (63 PERCENTI. EQUANT 0.05 MM X 0.035 MM VARIQUS SHACES OF BROWN,
DARKER BROWN APPEARS TO HAVE LOYER REFRACTIVE INDEX. GAMMA A3QUT 1.740
INDICATES VERY IRON RICH. QUITE DUSTY WITH OPAQUE INTLUSIONS.
QULIVINE (20 PERCENY). EGQUANT, EUNEDRAL. GREEN. 0,2 MM, ALPHA ABOQUT
1.700. GAMMA ABOUT 1.743. THIS INDICATES FE/FE AND MG OF 0.35. X-RAY (NANCE)
IMPLIES FE/FE+MG OF 0.50. DISCREPANCY COULD BE DUE TO CA. TAYLOR ANALYZED
MATERIAL AND FOUND SI MG GT FE GT GT CA. AL.N.ZR NOT DETECTED.
OPAQUE. PLATY LESS THAN 0.04 MM , LUSTROUS.
OPAQUES 3 PERCENT

ALL MINERALS ARE PRESENT IN VUGS.

TERRESTRIAL ANALOGUE. OLIVINE BASALT.

SAMPLE 12077.4 D. R. WONES
OIL IMMERSION MOUNTS OF PCWDERED MATERIAL.
USED OILS 1.570. 1.7040, 1.743.

OLIVINE--A APPROXIMATELY [.700+/-.005 FOBS5 FA3S
G APPROXIMATELY 1,743+/-.010 FOB5 FA3S

PYRIXENE--B APPROXIMATELY 1.743+/-.010 2Z-B APPROXIMATELY 40 DEG
HIGHLY VARIABLE COLOR., DARKER COLOR LOWER INDEX. ( MAY BE PIGEONITE AND AUGITE).
PLAGIOCLASE B)1.570--EXT-010 APPROXIMATELY 38 DEG ANSO
ESTIMATES OF PLAGIOCLASE IN HAND SPECIMEN TGO HIGH.
MODE. OLIVINE 2C PERCENT
PLAGIOCLASE 13 PERCENT
PYROXENE &35 PERCENT
OPAGQUES APPROXIMATELY 2 PERCENT
SMALL SPHERE OF ORANGE GLASS JBSERVED. MAY BE ADHERING FiNES.
THE FOLLOWING EXPERIMENT WAS CONDUCTED ON THIS SAMPLE

E-SPEC ANALYSIS
X-RAY ANALYSIS
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NASA-S-69-61839

NASA-S-69-61856 NASA-S-69-61851
Figure A-63. - Sample 12077.
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THIN SECTIONS

Figures A-64 to A-95 are photomicrographs of the Apollo 12 lunar-sample thin

sections. Descriptions of these photomicrographs are presented in table A-II.

TABLE A-IL - DESCRIPTION OF THIN-SECTION PHOTOMICROGRAPHS

Rewe | Sumple | NSt metogmsehl vign

A-64 12002 -7 $-70-31576 Plane polarized | Variolitic texture

A-65 12004-10 $5-70-31582 Reflected Variolitie texture

A-66 12008-15 S5-70-44572 Reflected Olivine phenocrysts

A-87 12009-17 §$-70-25428 Reflected Skeletal olivine stringers

A-68 12010-29 S-70-44542 Reflected Breccia

A-69 12012 -5 $-69-24220 Plane polarized | Variolitic texture

A-T0 12013-4 S5-69-24223 Plane polarized | Breccia

A-T1 12014-5 5-69-24210 Plane polarized | Pyroxene and olivine phenocrysts

A-T2 12018-79 S$-70-44547 Reflected Pyroxene and olivine phenocrysts

A-T3 12020-9 3-70-30253 Plane polarized | Variolitic texture

A-T4 12021-5 $-69-24219 Plane polarized | Large pigeonite crystals

A-T5 12021 -4 5-69-24205 Plane polarized | Hourglass structure and

: pigeonite

A-T6 12022-10 S-70-24742 Reflected Skeletal ilmenite and olivine

A-TT 12034 -3 38-70-28217 Reflected Breccia

A-T8 12035-21 S-70-45837 Plane polarized | Granular texture

A-T9 12038-2 $-69-24203 Plane polarized | Lath-shaped plagioclase

A-80 12040-3 5-69-24211 Plane polarized | Ophitic texture

A-81 12044 -2 5-69-24207 Plane polarized | Granular texture

A-82 12051 -55 $-70-40811 Reflected Ophitic texture

A-83 12052 -6 S-70-25417 Reflected Plagioclase and olivine

phenocrysts {variolitic
texture)

A-84 12053-76 S-70-36474 Plane polarized | Variolitic texture

A-85 12057-14 S-69-64831 Reflected Granular texture

A-86 12057-37 5-69-23374 Plane polarized | Lath-shaped plagioclase

A -87 12057-18 S-69-63411 Plane polarized | Ophitic texture

A-88 12057-36 $-69-23271 Plane polarized | Large pyroxene crystals

A-89 12057-22 5-69-63404 Reflected Breccia

A-90 12062-18 S-70-30256 Plane polarized | Ophitic texture

A-91 12063-17 S-70-30270 Plane polarized | Subophitic texture

A-92 12064 -9 S-70-30264 Plane polarized | Granular texture

A-93 12065-8 S-69-23378 Plane polarized | Variolitic texture

A-94 12073-5 $-T0-20744 Reflected Breccia

A-95 12075-23 §-70-44546 Reflected Olivine phenocrysts
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Figure A-617.- Sample 12009-17 (NASA-S-70-25428).
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Figure A-73. - Sample 12020-9 (NASA-S-70-30253).
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Figure A-T75.- Sample 12021-4 (NASA-S-69-24205).
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Figure A-77. - Sample 12034-3 (NASA-S-70-28217).
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Figure A-79. - Sample 12038-2 {(NASA-S-69-24203).
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Figure A-81. - Sample 12044-2 (NASA-S-69-24207).
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Figure A-83. - Sample 12052-6 (NASA-S-70-25417).
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Figure A-85. - Sample 12057-14 {(NASA-S-69-64831).
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Figure A-86. - Sample 12057-37 (NASA-S-69-23374).

Figure A-87. - Sample 12057-18 (NASA-S-69-63411).
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Figure A-91. - Sample 12063-17 (NASA-S-70-30270).
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Figure A-93. - Sample 12065-6 (NASA-S-69-23378).
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Figure A-95. - Sample 12075-23 (NASA-S-70-44546).
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APPENDIX B

TOTAL CARBON AND ORGANIC ANALYSES DATA SHEETS

TOTAL CARBON AND ORGANIC ANALYSIS

Control Sample Number: 1200 2. Weight: 100 grams

Sample Description (from original description)

Rock type: Ottawa sand (Ames Research Center (ARC))

Physical appearance: Ceontrol for sand monitor in Biological Preparation
Laboratory (Bioprep) (from ARC); analyzed as supplied by ARC

Sample History

Return container:

Schematic processing diagram: ARC—GAL—GAL glove box

Storage container sequence: Glass jar

Processing comments: The sand was stored in a glass jar with a plastic cap. The
reagent-grade Ottawa sand was acid washed and fired by the supplier at 1000° C
for 30 hours at ARC and shipped to the LRL in a clean glass jar.

Control sample number: Not applicable

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 1. 0082 T+ 2

Organic Analysis Resulis

Maximum total ionization: 2.6 X 104

Total ionization: 3.3 X 105
Estimated organic content (total of indigenous and contamination): <0.1 ppm
Remarks

Early spectra data indicate some general mass spectra as seen in the Bioprep

monitor.
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TOTAL CARBON AND ORGANIC ANALYSIS

Control Sample Number: 1201 2. Weight: 250 grams
(originally B108)

Sample Description (from original description)

Rock type: Ottawa sand (ARC)
Physical appearance: Bioprep cabinet monitor

Sample History

Return container:
Schematic processing diagram: ARC—GAL—Bioprep—GAL glove box

Storage container sequence: Glass jar—Teflon bag—-Quick-seal can—
Wasserburg container

Processing comments: Control sample 1201 was exposed to the Bioprep cabinet
atmosphere for 5 hours during the early stages of the D-ALSRC processing. The
sample was sterilized into the Bioprep in a Teflon bag at 160° C.

Control sample number: 1200

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.4618 4 + 2

Organic Analysis Results

Maximum total ionization: 3.8 X 104

Total ionization: 5.2 X 105

Estimated organic content (total of indigenous and contamination): <0.1 ppm
Remarks

The spectra were characterized by low CO2 evolution compared to the lunar

samples. Material of m/e 58 and other low-weight materials were the obvious
contaminants (m/e 84 and 86 is methyl chloride from sample handling). The
higher weight materials seen in some of the lunar samples (deep core) were not
obvious in this blank. The mass spectrometer scans for control sample 1201
are shown in figure B-1.
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Figure B-1.- Mass spectrometer scans for control
sample 1201.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Control Sample Number: 1210 2. Weight: 250 grams

3. Sample Description (from original description)

Rock type: Ottawa sand (MSC)

Physical appearance: Control for the sand monitor in the F201 vacuum system,;
analyzed after cleaning.

4. Sample History

Return container:

Schematic processing diagram: Washed—dried at 110° C—fired at 1000° C—
sealed in Teflon bag—GAL glove box

Storage container sequence: Teflon bag
Processing comments: None
Control sample number: Not applicable

5. Total Carbon Analysis Results

Run no. Sample weight, g Carbon conient, ppm
1 1. 0001 18 =+ 3

6. Organic Analysis Results

Maximum total ionization: 7.5 X 104

Total ionization: 1.5 X 106

Estimated organic content (total indigenous and contamination): <0.1 ppm

7. Remarks: None
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TOTAL CARBON AND ORGANIC ANALYSIS

Control Sample Number: 1211 2. Weight:

Sample Description (from original description)

Rock type: Ottawa sand (MSC)
Physical appearance: F201 system monitor

Sample History

Return container:
Schematic processing diagram: GAL—F201 chamber—GAL glove box
Storage container sequence: Teflon bag—-bolt-top can

Processing comments: The Ottawa sand was washed in water, dried overnight at
110° C, and then fired at 1000° C in a muffle furnace for 24 hours in the GAL.
The sand was sealed in @ Teflon bag for approximately 2 weeks before being
loaded into a bolt-top can for transfer into the F201 chamber. The sand was
transferred into the bolt-top can on a clean bench. The sample was exposed to
the F201 vacuum chamber beginning on November 29, 1969 (0800), and was
sampled on December 10, 1969 (0930). During this time, the F201 chamber was
backfilled with N three times for a total of approximately 60 hours.

Control sample number: 1210

Total Carbon Analysis Results: Not available

Organic Analysis Results

Maximum total ionization: 7.6 x 104
Total ionization: 2.3 X 1()6
Estimated organic content (total of indigenous and contamination): 0.1 ppm

Remarks: None
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12003-1 2. Weight: 300 grams

Sample Description (from original description)

Rock type: D
Physical appearance: Chips and loose material from S-ALSRC

Sample History

Return container: S-~-ALSRC

Schematic processing diagram: S-ALSRC——F201 chamber—Bioprep—GAL
glove box

Storage container sequence: S-ALSRC—bolt-top can—Wasserburg container

Processing comments: This material was collected from the floor of the
F201 chamber and from the S-ALSRC York-mesh packing. The sample was
exposed in the F201 chamber for 3 days (approximately 70 hours), stored in a
bolt-top can, transferred to Bioprep, and sampled for organic analysis within
a few minutes after being opened in Bioprep.

Control sample numbers: 1201, 1202, 1211

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ‘ppm
1 0.1571 185 + 20
2 . 1128 195 + 25
3 . 1480 120 + 10
4 . 1605 200 + 10

Organic Analysis Results

Maximum total ionization: 1.2 x 105

Total ionization: 4.4 x 106

Estimated organic content (total of indigenous and contamination): 0.3 ppm
Remarks

Most of the ion current was due to previously recognized contaminants. This
sample was one of the few samples that displayed m/e 78 and 91 as pyrolysis
products, a common occurrence in the Apollo 11 preliminary analysis. The ad-
ditional handling is probably reflected in the higher total C found in this sample
relative to other Apollo 12 samples. The mass spectrometer scans for
sample 12003-1 are shown in figure B-2.
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Figure B-2.- Mass spectrometer scans for sample 12003-1.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12024-7 2. Weight: 100 grams

3. Sample Description (from original description)

Rock type: GASC
Physical appearance: Fines

Sample History

Return container: GASC
Schematic processing diagram: D-ALSRC-—Bioprep—GAL glove box
Storage container sequence: GASC-—-glass vial

Processing comments: The GASC was not opened until it had been sterilized and
transferred to the GAL. It was first punctured on the gas-extraction table. The
estimated pressure at the time of puncture was 11 torr. Analysis of the gases
indicated that leakage had occurred. The GASC then was valved off, transferred
to the glove box, and opened. A total of 600 milligrams of fines material was re-
moved from the GASC and stored in a chromic-acid-cleaned glass vial approxi-
mately 30 minutes after opening.

Control sample number: 1202

5. Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.1395 115

6. Organic Analysis Results

Maximum total ionization: 5.1 X 104 (1.1 % 105 second run)

Total ionization: 7.6 X 105 (3.0 % 106 second run)

Estimated organic content {total of indigenous and contamination): 0.3 ppm
(0.3 ppm second run)

7. Remarks

Two runs were made with very similar results. The higher weight material may be
due to exposure to the plastic bottlz cap when the Teflon liner developed a crack.

The CO and C02 evolution was very high. The mass spectirometer scans for

sample 12024-7 are shown in figure B-3 for the first run and in figure B-4 for
the second run.
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Figure B-3.- Mass spectrometer scans for sample 12024-7, run 1.
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Figure B-4. - Mass spectrometer scans for sample 12024-7, run 2.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12026-1 2. Weight: 54.2 grams

Sample Description (from original description)

Rock type: Core tube 2013
Physical appearance: Fines from 29-centimeter scale position

Sample History

Return container: Core tube — S-ALSRC

Schematic processing diagram: S-ALSRC—F201 chamber—Bioprep—GAL
glove box

Storage container sequence: Core tube—Wasserburg container

Processing comments: The core tube was transferred to Bioprep unopened; it was
open in Bioprep for approximately 24 hours before the sample for organic analy-
sis was taken.

Control sample numbers: 1201 and 1202

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.018 44 + 25

Organic Apalysis Results

Maximum total ionization: 6.1 X 104

Total ionization: 1.1 x 106

Estimated organic content (total of indigenous and contamination): 0.7 ppm
Remarks

A small amount of low-molecular-weight material was present (notable m/e 64
(82 or soz)). Considerable CO and 002 were evolved. The mass plot of m/e 95

b

which may be due to indigenous material or to a strongly adsorbed contaminant,
was of special interest. The sample weight was too small for a good total C
analysis. The mass spectrometer scans for sample 12026-1 are shown in
figure B-5.
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Figure B-5. - Mass spectrometer scans for
sample 12026-1.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12026-2 2. Weight: 54.2 grams

Sample Description (from original description)

Rock type: Core tube 2013
Physical appearance: Fines from 21-centimeter scale position

Sample History

Return container: Core tube — S-ALSRC

Schematic processing diagram: S-ALSRC—F201 chamber—Bioprep—GAL
glove box

L]

Storage container sequence: Core tube—Wasserburg container

Processing comments: The processing comments are the same as for
sample 12026-1.

Control sample numbers: 1201 and 1202

. Total Carbon Analysis Results: Not available

Organic Analysis Results

Maximum total ionization: 4 x 104 (3.3 % 104, second run)

Total ionization: 1.1 x 106 (4.3 x 105, second run)

Estimated organic content (total of indigenous and contamination): 0.5 ppm
(0.1 ppm, second run)

Remarks

The second run was a re-run of the first run sample and was exposed to the atmos-
phere in the GAL glove box. Two points are important: (1) m/e 58 and other
low-molecular-weight peaks were present in both runs and (2) the CO and CO2

evolution (compare 1209 andl 1211 summation m/e 44 plots in figs. B-6 and B-7)
slowly increased in the second run to approximately the level of the first run, in-
dicating that CO and CO2 are the result of the sample pyrolysis. The mass spec-

trometer scans for sample 12026-2 are shown in figure B-6 for the first run and
in figure B-7 for the second run.
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Figure B-6. - Mass spectrometer scans for
sample 12026-2, run 1.
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TOTAL CARBON AND ORGANIC ANALYSHS

1. Sample Number: 12028-1 2. Weight: 96.8 grams

3. Sample Description (from original description)

Rock type: Core tube 2012

Physical appearance: Fines from lower end of core tube; material lighter in color
than that from upper end of core tube

4. Sample History

Return container: Core tube — D-ALSRC

Schematic processing diagram: D-ALSRC——Bioprep—GAL glove box

Storage container sequence: Core tube—Wasserburg container

Processing comments: The core tube was opened in Bioprep and the material
removed for analysis. The sample was sealed in the Wasserburg container
2 hours after the core tube was opened.

Control sample numbers: 1201 and 1202

5. Total Carbon Analysis Results: Not available

6. Organic Analysis Results

Maximum total ionization: 8.1 X 104

Total jonization: 2.5 X 106

Estimated organic content (total of indigenous and contamination): 1.0 ppm
7. Remarks

The summary plot indicates, in later scans, the evolution of organic material that
may be indigenous. The spectra are characterized by what may be unsaturated
hydrocarbon peaks. High evolution of CO and CO2 was noted. Sample 12028-1

is the most promising sample analyzed. Some m/e 64 evolved (82 or 802). The

first 10 scans indicate that terrestrial contamination is present; however, later
scans in the summary plot show the evolution of material that may be indigenous.
The mass spectrometer scans for sample 12028-1 are shown in figure B-8.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12032-1 2. Weight: 310.6 grams

3. Sample Description (from original description)

Rock type: D

Physical appearance: Fines from documented sample bag 4-D; medium dark gray,
poorly sorted; some angular fragments up to 4 millimeters in length

4. Sample History

Return container: Teflon bag
Schematic processing diagram: Teflon bag—-Bioprep—GAL glove box

Storage container sequence: Teflon bag—-stainless steel can—Wasserburg
container

Processing comments: The material was stored in the Teflon bag inside a stainless
steel can until the bag was opened. The sample for organic analysis was taken
within 30 minutes after the bag was opened and 15 days after the D-ALSRC was
opened in Bioprep.

Control sample number: 1201

5. Total Carbon Analysis Resulis

Run no. Sample weight, g Carbon content, ppm
1 0. 1519 20 = 10
2 . 3813 25 + 4

6. Organic Analysis Resulis

Maximum total ionization: 1.0 X 105

Total ionization: 2.3 X 106
Estimated organic content (total of indigenous and contamination): 0.1 ppm
7. Remarks
As with the other sample of fines from a documented bag (sample 12042-1), this

sample is extremely low in organic content. The low total C content correlates
with the low organic content.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12033-1 2. Weight: 322.7 milligrams

Sample Description (from original description)

Rock type: D

Physical appearance: Fines from documented sample bag 5-D; described as light-
colored volcanic ash

Sample History

Return container: Teflon bag
Schematic processing diagram: Teflon bag—Bioprep—GAL glove box

Storage container sequence: Teflon bag—stainless steel can—Wasserburg
container

Processing comments: The processing comments are the same as for
sample 12032-1.

Control sample number: 1201

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0. 1997 20+ 5
2 . 6014 23+ 2
3 . 1254 80+ 10

Organic Analysis Resulis: Not available

Remarks
The sample for the third run was provided by the Physical-Chemical Test Labora-

tory (PCTL) and was transferred to the GAL in a plastic vial, which explains the
high C content. An organic analysis was not performed on this sample.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12034-2 2. Weight: 153 grams

3. Sample Description (from original description)

Rock type: Breccia (C)

Physical appearance: Medium light-gray matrix of fine-grained material; includes
crystal fragments and fragments of a number of rock types; documented sample
bag 6-D

4. Sample History

Return container: Documented sample bag (Teflon)
Schematic processing diagram: D—ALSRC-—-—-Bidprep—-—GAL glove box

Storage container sequence: Documented sample bag—-stainless steel can—
Wasserburg container

Processing comments: The rock was exposed in the cabinet for approximately
6 hours before the organic sample was taken. The rock was not touched by
rubber gloves, only by Teflon and stainless steel.

Control sample numbers: 1201 and 1202

5. Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0. 2446 85 + 12

6. Organic Analysis Results

Maximum total ionization: 1.7 X 104

Total ionization: 1.1 X 106
Estimated organic content (total of indigenous and contamination): 0.4 ppm
7. Remarks
The sample was contaminated slightly with Teflon (scan 80, fig. B-8). Other
organic material was very low in quantity and was possibly contamination from

other sources. The mass spectrometer scans for sample 12034-2 are shown in
figure B-9.
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Figure B-9.- Mass spectrometer scans for sample 12034-2.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12040-2 2. Weight: 319 grams

3. Sample Description (from original description)

Rock type: B

Physical appearance: Light gray with slight greenish tinge caused by olivine; no
vesicles but a number of vugs; high olivine content

4. Sample History

Return container: D-ALSRC
Schematic processing diagram: D-ALSRC-—Bioprep—GAL glove box

Storage container sequence: D-ALSRC—-stainless steel can——Wasserburg
container

Processing comments: The rock was exposed to the Bioprep cabinet atmosphere
for approximately 6 hours before the organic sample was taken. The material
sampled was from the interior surface of the freshly broken rock.

Control sample numbers: 1201 and 1202

9. Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.2245 45 = 15

6. Organic Analysis Results

Maximum total ionization: 2.9 X 104
Total ionization: 1.2 x 106
Estimated organic content (total of indigenous and contamination): 0.1 ppm

7. Remarks

Sample 12040-2 shows lower CO and CO2 evolution and a very small amount of

organic material, which is possibly a nylon or dust-particle-type contamination.
The mass spectrometer scans for sample 12040-2 are shown in figure B-10.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12042-1 2. Weight: 225.6 grams

3. Sample Description (from original description)

Rock type: D
Physical appearance: Fines from documented sample bag 12-D

4. Sample History

Return container: Teflon bag
Schematic processing diagram: Teflon bag—Bioprep—GAL glove box

Storage container sequence: Teflon bag—stainless steel can—Wasserburg
container

Processing comments: The processing comments are the same as for
sample 12032-1.

Control sample number: None

5. Total Carbon Analysis Resulis

Run no. Sample weight, g Carbon content, ppm
1 0. 2452 125 £ 5
2 . 3409 132 = 5

6. Organic Analysis Results

Maximum total ionization: 2.5 X 104

Total ionization: 1.2 X 106
Estimated organic content (total of indigenous and contamination): 0.1 ppm
7. Remarks
Sample 12042-1 was exiremely clean and showed considerably less material than

did the fines from other sources. The CO2 evolution, however, was comparable
to other samples of fines.
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TOTAL CARBEON AND ORGANIC ANALYSIS

Sample Number: 12044-2, -1 2. Weight: 145.4 milligrams
{sample 12044-2)

Sample Description (from original description)

Rock type: A
Physical appearance: Fine-grained crystalline rock in documented sample bag

Sample History

Return container: Teflon bag
Schematic processing diagram: Teflon bag—Bioprep—GAL glove box

Storage container sequence: Teflon bag—-stainless steel can—Wasserburg
container

Processing comments: The rock was removed from the bag and stored in a
stainless steel can. The sample was taken for organic analysis by chipping the
larger rock 15 days after the D-ALSRC was opened. Both the interior and ex-
terior surfaces of the rock were analyzed.

Contreol sample number: 1201

Total Carbon Analysis Results

Run no. Sample weight, ¢ Carbon content, ppm
1 0.3071 44 + 5

Organic Analysis Results

Maximum total ionization: 1.0 X 105
Total ionization: 1.8 X 106
Estimated organic content (total of indigenous and coutamination)_: 0.2 ppm
Remarks

Samples 12044-2 and 12044-1 have the same probable contaminants as the other

samples. As in previous runs, this rock sample showed less organic content

than did the fines. Considerable CO2 evolution was noted.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12052-4 2. Weight: 3119 grams (three pieces)

3. Sample Description (from original description)

Rock type: B

Physical appearance: Coarse-grained rock; some pyroxene crystals 810 milli-
meters long by 0.5 millimeter wide; high in ilmenite; radially oriented feldspar
in patches; rock apparently heavily shocked; olivine basalt

4. Sample History

Return container: D-ALSRC
Schematic processing diagram: D-ALSRC——Bioprep—GAL glove box

Storage container sequence: D-ALSRC—-stainless steel can—Wasserburg
container

Processing comments: The rock was exposed to the Bioprep cabinet atmosphere
approximately 6 hours before the organic sample was taken. The rock chip was
broken and subdivided in the GAL glove box. The chip was approximately
20-percent exterior surface.

Control sample numbers: 1201 and 1202

Total Carbon Analysis Results
Run no. Sample weight, g Carbon content, ppm
1 0.3326 34 + 10
2 .1261 65 + 15
3 . 4487 25+ 4

6. Organic Analysis Results

Maximum total ionization: 3.4 X 104

Total ionization: 6.2 x 10°
Estimated organic content (total of indigenous and contamination): 0.1 ppm

7. Remarks

Considerably less material (organics plus CO and COz)was found in sample 12052-4

than in the fines or core-tube samples. The mass spectrometer scans for
sample 12052-4 are shown in figure B-11.
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Figure B-11.- Mass spectrometer scans for sample 12052-4.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12057-1 2. Weight: 0.5 gram

3. Sample Description (from original description)

Rock type: D
Physical appearance: Medium dark chip; may be a breccia

4, Sample History

Return container: D-ALSRC

Schematic processing diagram: D-ALSRC——Bioprep—Wasserburg container

Storage container sequence: D-ALSRC-—Wasserburg container

Processing comments: The chip was removed from the box and sealed in the
Wasserburg container 1 hour after the box was punctured for gas analysis. The
lid had been off the box for only 2 minutes when the sample for carbon and or-
ganic analysis was collected.

Control sample numbers: 1201 and 1202

5, Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.2194 120 + 10

6. Organic Analysis Results

Maximum total ionization: 2.5 x 104

Total ionization: 1.2 X 106
Estimated organic content (total of indigenous and contamination): 0.3 ppm

7. Remarks

Considerable CO and CO2 and some m/e 64 was noted. Almost no other material

evolved. The mass spectrometer scans for sample 12057-1 are shown in
figure B-12.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12059-1 2. Weight: 460.2 milligrams

Sample Description (from original description)

Rock type: D

Physical appearance: Fines and some small (10 to 15 milligram) chips

Sample History

Return container: D-ALSRC and documented sample bags

Schematic processing diagram: D-ALSRC——Bioprep—GAL glove box

Storage container sequence: D-ALSRC —stainless steel can—Wasserburg

container

Processing comments: Material was dusted from the loose rocks and the Teflon

sample bags into a stainless steel pan. The material was exposed to cabinet
atmosphere for 25 hours before sampling for carbon analysis. The rocks were
dusted by a gas stream blown from a polyethylene squeeze bottle.

Control sample numbers: 1201 and 1202

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.1270 240 £ 25

2 .1336 120 = 15

Organic Analysis Results

6

Maximum total ionization: 1.9 X 10

7

Total ionization: 4.2 X 10

Estimated organic content (total of indigenous and contamination): >2 ppm

Remarks

Sample 12059-1 was contaminated severely compared to the other samples that

240

were run. Scan 40 (fig. B-13) is representative of one type of contaminant;
Teflon (scan 92) is the other contaminant. The excess contamination wac prob-
ably caused by flaking of the Teflon bag, blowing N from the polyethylene bottle,
and extra handling. The second run contained a chip mixed in with the fines. The
high C content correlates with the higher organic content.
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Figure B-13. - Mass spectrometer scans for sample 12059-1.
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TOTAL CARBON AND ORGANIC ANALYSIS

1. Sample Number: 12063 2. Weight: 2416 grams

3. Sample Description {(from original description)

Rock type: A

Physical appearance: Light to medium gray with many darker spots caused by
glass in small pits and shadowed vugs

4. Sample History

Return container: Tote bag
Schematic processing diagram: Tote bag—LM—CM—CRA—PCTL

Storage container sequence: Tote bag—CDR's gloved (?) hand—aluminum
foil——copper-flanged stainless steel container

Processing comments: Sample 12063 was subjected to considerable handling and
to the LM, CM, and terrestrial atmospheres. The copper-flanged container was
cleaned by ultrasonication in benzene/methanol and by vacuum bakeout. The
rock chip was taken in the PCTL and sterilized at 160° C.

Control sample number: None

5. Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0.2755 35+ 10

6. Organic Analysis Results: Not available

7. Remarks

Excessive handling and exposure to atmosphere apparently has not increased the
contamination, which could be explained if the sample were an interior surface.
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TOTAL CARBON AND ORGANIC ANALYSIS

Sample Number: 12065 2. Weight:

Sample Description (from original description)

Rock type: AB
Physical appearance: Pigeonite porphyry

Sample History

Return container: Tote bag

Schematic processing diagram: Tote bag—LM—--CM—CRA~—PCTL

Storage container sequence: Tote bag—CDR's gloved (?) hand——=aluminum
foil—-copper-flanged stainless steel container

Processing comments: The processing comments are the same as for
sample 12063.

Control sample number: None

Total Carbon Analysis Results

Run no. Sample weight, g Carbon content, ppm
1 0. 4920 29 + 4
2 .1438 38 + 10

Organic Analysis Results; Not available

Remarks

The remarks are the same as for sample 12063.
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APPENDI X C
ORGANIC-MONITOR DATA SHEETS

OTTAWA-SAND ORGANIC MONITORS

Baked Ottawa sand was used to monitor the background levels in the various LRL
sample-processing cabinetry. Standard Ottawa sand is sieved to pass 20 to 30 mesh,

which calculates to an average spherical grain volume of 5.2 x 10'4 cubic centimeters
and an average grain weight of 1. 4 milligrams. Thus, the surface area was approxi-

mately 22.6 cmz/g of sand.

Two batches of sand were prepared: one to monitor the F201 vacuum system and
one to monitor the nitrogen processing in the Bioprep cabmet The F201 OM was pre-
pared by washing the sand with water and firing it at 1000° C overnight. The Bioprep
OM was prepared at ARC by washing the rea.gent grade Ottawa sand with acid and fir-
ing it at 1000° C for 30 hours. Samples of both batches were analyzed using benzene/
methanol extraction and high-resolution mass spectrometry at UCB and pyrolysis mass
spectrometry at the LRL; the results of these analyses served as the control data.
Approximately 200 grams of both the control and the exposed portions of each of these
monitors were available for distribution to the Group D Principal Investigators.

The F201 OM control (Teflon bagged) yielded 3. 08 ug/g of extractables, which

calculated to 0.136 pg/cmz; the Bioprep OM control yielded 2. 32 pg/g of extractables,

which calculated to 0.103 ug/ c1n2. A second extraction of this sample yielded only
background. The high- resolutlon mass-spectral data indicated mainly hydrocarbons
from C 4 to C25 of as much as 6° of unsaturation and octoil (dioctyl phthalate). Oxy-

genated species were found in minor amounts (cyclic ketones, low-weight carboxylic
acids, and an oxygenated compound with the composition C2 3H3202, after loss of one

C1 OHZO group).

The results of the pyrolysis mass-spectrometer analyses for the control samples
are given in appendix B. The mass spectrometer scans for the Ottawa-sand organic
monitors are shown in figure C-1.
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Figure C-1.- Mass spectrometer scans for Ottawa-sand organic monitors.
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ORGANIC MONITOR 1007-2

Organic monitor 1007-2 was cleaned by the ALSRC-1574 cleaning procedure
together with the contents of ALSRC 1009 (the S-ALSRC). The sample weighed
49.96 grams and yielded a benzene/methanol (3: 1) extract residue of 0.2 milligram.

Assuming a York-mesh surface area of 60 cm2 /g, the residue was equivalent to

0. 05 ug/cm2 of extractable organics. The gas chromatogram (GC) showed only trace
peaks above the background level, and the high-resolution mass-spectral data (one of
the scans is illustrated in fig. C-2) indicated the presence of a more diverse suite of
organic compounds. The major constituents were octoil (C/H O3 plot, fig. C-2), which

was substantiated by the GC run, and hydrocarbons ranging from C 4 to C12‘ Traces of
carboxylic acids to CB were found.

RELATIVE IHTENSITY
RELRTIVE INTENSITY

w1!.!«|||1||||pi|p|||x||||||‘||,||Wpp}\]||1||Wplupmqappwu||,;||p;|1||1||;|||||\e!ﬂmmy q||llnpp||pp|»ln|||lp||||1ll‘p|l|||l{|||lAw|l|||||||r||||p||||||||||||;|1|p||i;|q<|||n|||n‘|||||||||p||lr.p||p||p|1

37 4s9 Srtl 6213 ?r15  Betr? 8,19 10421 11423 12-3% 2s% 7 asa S-13 €-13 7-15 BlL? 9219 1021
CsH 02 CsH O3

» -

2 =

z E

) ¥

z z -

= '

5 | l & |

v ) \

I — L e N

,|||.||E||||||||x|-!‘luppp||||u1|||||||||||||l :]n|||JpUr",q-;;,.p|A||||[.||||||!|||||-|;||||||I|||!|)||q|p]||||||xp| |||||||||1||||||||||y||‘yp|1|l|||-||1‘|up|u|||-1tln|\|||=|||«||I||||||:||||||!||||q|||p“||,1|||u|ym.|.|x|.p|.|-lx|||q|||“
L} : i i

173 275 3P 4.9 Se11 gs13  ?/15 @417 9419 13 275 307 4r9 511 6/13 7418 B8s17

Figure C-2.- Mass spectrometer scans for organic monitor 1007-2.
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ORGANIC MONITOR 1007-4

Organic monitor 1007-4 was cleaned by the ALSRC-1574 cleaning procedure
together with the ALSRC 1009 box, the temperature sensor, and the seal protectors.
The sample weighed 40.92 grams and yielded a benzene/methanol (3: 1) extract residue

of 0.25 milligram, which was equivalent to 0.12 ug/cmz. This high value was the re-
sult of some fine AlO2 passing through the filtering grit. The GC trace showed no

peaks, and the high-resolution mass-spectral data indicated only trace hydrocarbons
that were barely above the sclvent background.

The mass spectrometer scans for OM 1007-4 are shown in figure C-3.
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Figure C-3. - Mass spectrometer scans for organic
monitor 1007-4,
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ORGANIC MONITOR 1008

Organic monitor 1008 was cleaned by the ALSRC-1574 cleaning procedure together
with the contents of ALSRC 1008 (the D-ALSRC) and then baked under vacuum conditions
at 160° C in the LRL ¥250 conditioning chamber. The sample of York mesh weighed
11. 02 grams, and the benzene/methanol (3: 1) extract residue was 0. 05 milligram above

the solvent background, which corresponded to 0. 08 ;J.g/cm2 of extractables. No GC
trace was run, but the high-resolution mass- spectral data indicated carboxylic acids

to approximately C12 as the major components, with octoil and hydrocarbons as minor
constituents.

The mass spectrometer scans for OM 1008 are shown in figure C-4.
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Figure C-4.- Mass spectrometer scans for organic monitor 1008.
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ORGANIC MONITOR 1009

Organic monitor 1009 was cleaned by the ALSRC-1574 cleaning procedure together
with the ALSRC 1009 contents and then baked under vacuum conditions at 160° C with
ALSRC 1009 in the LRL F250 conditioning chamber. The sample weighed 12. 31 grams,
and the benzene/methanol (3: 1) extract residue was 0. 06 milligram above the solvent

background, which corresponded to 0.08 g/ cm2 of extractables. The GC trace indi-
cated no peaks at the highest attenuation. The high-resolution mass-spectral data indi-
cated mainly a suite of hydrocarbons from C 4 to C1 6 of varying degrees of unsaturation

and octoil. Oxygenated compounds also were present in significant amounts; for ex-
ample, cyclohexanone, cyclopentanone, butyric acid, and tetrahydronaphthol.

The mass spectrometer scans for OM 1009 are shown in figure C-5.
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Figure C-5. - Mass spectrometer scans for organic monitor 1009.
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EXTRACTION SOLVENTS

One liter each of benzene and methanol (both nanograde purity) were evaporated.
This amount represents a tenfold larger quantity of solvent than was used for the ex-
traction. The GC traces were run and showed no detectable peaks. The benzene back-
ground consisted mainly of hydrocarbons ranging from C 4 to C18 of varying degrees of

unsaturation and minor amounts of octoil and carboxylic acids from C 4 to C15‘ The
methanol background consisted mainly of dissolved inorganics, traces of hydrocarbons,
and low-weight carboxylic acids.

The high-resolution mass-spectral data for methanol are shown in figure C-6 and
for benzene in figure C-7.
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ALSRC 1008 LID

The ALSRC 1008 lid sample was the residue from the cleaning solution used to
clean the LESC and GASC lid hardware that was stowed in ALSRC 1008 during the
Apollo 12 mission. The cleaning procedure consisted of washing both the inside and the
outside of the lid of the prime organic container. The extractable portion of the solu-
tion weighed 5. 0 milligrams after solvent evaporation. The GC of the extract (the hep-
tane solubles)is shown in figure C-8. The high-resolution mass-spectral data indicated
dioctyladipate and octoil as the major components. The presence of dioctyladipate was
substantiated by the series of peaks in figure C-8. Hydrocarbons and the free acids C 47
C5, C12, and C13 were found as minor components.

The mass spectrometer scans for the ALSRC 1008 lid are shown in figure C-9.

Run procedures:
3-percent SE-30

- 5ft by 1/8 in.

- 100° Cto 275° C

6 deg/min

He flow - 36 mi/min

0~ O bk N O

j l Di-n-octyl

/ \ phthalate7
4_J r
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APPENDIX D
PHOTOGRAPH!IC INDICES

The photographs of the Apollo 12 lunar samples have been indexed in the following
ways: (1) a log of all photographs taken, (2) an index of photographs by sample number
and an index of samples by photograph number, and (3) a cross-reference of samples
with the lunar-surface collection location, photographs, and chronological sequence.

PHOTOGRAPHIC LOG

Effective use of 70-millimeter photographs taken on the Apollo 12 EVA requires
extensive information about the camera parameters and camera location and orientation
at the time each photograph was taken, The amount of such data that are being derived
for each picture is too extensive to include concisely in one listing. The log has there-
fore been divided into two versions. The first version, which is presented here, is
designed primarily to support general photographic interpretation. Two complete
photographic listings are presented in this version. The first listing (table D-I) is a
listing of all the photographs in chronological sequence and is useful for understanding
the context of each photograph taken during the EVA traverses. The second listing
(table D-II) is a sequential listing of photographs from each individual magazine and is
useful for locating information about any given photograph. The second version, which
is still in preparation, contains detailed geometric information required for precise
mensuration of surface features from the photographs.

The two cameras used for primary lunar-surface scientific and engineering docu-
mentation during the Apollo 12 lunar stay were 70-millimeter Hasselblad cameras with
aqutomatic electric-film-advance and shutter-cocking mechanisms. Each camera was
equipped with a specially designed £/5. 6 Biogon lens and a reseau plate at the film
plane that imprinted a five-by-five array of crosses on each photograph at the time of
exposure. Although the focus settings on each camera were continuously variable,
three detents were provided in the focusing ring to provide a finite number of repeatable
focus settings. The conventional set of detents was available at 0.5 f-stop intervals on
the adjusting ring for the iris. Shuiter speeds of 1 to 1/500th second were available;
however, with few exceptions, the exposure setting used on the lunar surface was
1/250th second. Both cameras were calibrated prior to launch for photometric and
photogrammetric data reduction.

During the first EVA, color film was used in magazines Y and V. Magazines X
and Z, used during the second EVA, contained black-and-white film.

Three main types of analyses were used to prepare this part of the log: (1) com-
parison of images on the Hasselblad photographs with those on Lunar Orbiter photo-
graphs, (2) comparison of photographs of geological sample sites with those taken of
returned samples in the LRL, and (3} comparison of image data with data transmitted
verbally during the EVA.
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An explanation of the boxheads used in tables D-I and D-II is given in the following
paragraphs.

PHOTO: The last six digits of the official NASA number assigned to each photo-
graph shortly after processing. Each number is prefixed by "AS12." The last four
digits of each number are unique, but numbers are sequential within a given film maga-
zine only. The numbers do not represent a chronological order because two magazines
were used simultaneously.

MAG: The letter designation assigned to the film magazine.

SEQ: The chronological sequence in which each picture was taken, as nearly as
can be determined.

REMARKS: Comments about each picture that may refer to objects in the pic-
ture, to something the crew said about their reasons for taking the picture, to some
unusual aspect of the subject of the picture, to number designations of samples ap-
pearing in the picture, or to the inferred reason for taking the picture, Descriptions
of the photographic surveys and definitions of acronyms and abbreviations referred to
in this column are given in the following two sections.

GET: Ground elapsed time, which is the time since lift-off, in hours and min-
utes, when the picture was taken, as nearly as can be determined from voice
transmissions,

BY: Crewmember who took the picture. Discussion by the crew of subject
matter in several pictures was sufficient to identify the photographer.

DIST and AZLM: Distance and azimuth of camera stations from the center of the
LM {(clockwise from north), These were determined by identifying features on both
Lunar Orbiter and Apollo 12 EVA photographs and by computing photograph location
using the standard surveying technique of resection. The distances given are not the
same as those given in some of the remarks, which simply refer to the shortest dis-
tance to any part of the LM,

AZ: Azimuth (clockwise from north) along which the camera was aimed. This
was also determined during resection. When the photograph was part of a panorama,
the azimuths of other photographs in the panorama were measured from photomosaics
of the panorama.

Photographic Surveys
Three basic types of photographic surveys were made by the Apollo 12 astronauts
specifically for lunar-surface interpretation: (1) panoramas, (2) sample surveys, and
(3) a polarimetric survey. These surveys are described in the following paragraphs.
Panoramas. - A total of 23 panoramas was taken during the Apollo 12 lunar stay.

These mclude partial panoramas from inside the LM taken through both windows, com-
plete 360° panoramas taken from the surface at intervals throughout the traverse and
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partial panoramas frequently taken in pairs for stereoscopic average of large features
of particular interest,

Panoramas taken from the LM windows are useful because of their high vantage
point, even though their azimuthal field of view is little more than 180°, The view from
the windows of the area in the vicinity of the LM is not often occulted by local topog-

raphy, as photographs from the surface are. This lack of occultation permits detailed
examination of continuous views of the surface.

Complete panoramas are taken to record as much lunar-surface detail as possi-
ble with a lunar-surface-based camera. Comparison of the appearance of surface fea-
tures in pictures taken from orbit and in pictures taken from the lunar surface is useful
in geological interpretation. Panoramic photographs also augment crew discussions of
the area. When joined together as mosaics, the panoramas provide accurate map con-
trol data in the form of horizontal angles. This can be done analytically, with high
precision, from measurements of glass-plate reproductions of the photographs, or
graphically, with moderate precision, by measuring the mosaics themselves. Com-
plete panoramas are more useful than broken or partial panoramas in the sense that
they provide an immediate check of error accumulation in measuring horizontal angles,
and because lunar directions can be determined accurately and independently of any
other data from the locations of the image of the sun and the image of the astronaut’'s
shadow. This was one of the reasons that the crew was requested to take pictures into
the sun, even though poor picture quality was anticipated.

Partial panoramas produce some of the same data as complete panoramas at a
considerable saving of film. They are useful for photographic documentation of large
features of geological interest. When two partial panoramas are taken of the same fea-
ture from slightly different vantage points, pairs of pictures from the adjacent pano-

ramas can be viewed stereoscopically, and precise photogrammetric measurements of
the feature can be made.

Sample surveys. - The sample surveys were taken to illustrate the in situ charac-
teristics of samples of lunar material returned to earth and to aid identification of
sampling locations along the traverse. Most of the sample pictures were taken in ster-
eoscopic pairs to aid in interpretation and photogrammetric measurement of the sample
area. Many contain a self-righting wand, or gnomon, which serves as a scale, a ver-
tical reference, and, by casting a shadow, a lunar azimuth indicator.

Polarimetric survey. - A polarimetric survey was made only once, early in the
second EVA, with a polarizing filter attached to the camera. This type of survey was
made to study the polarizing properties of lunar material. A series of pictures of the
same area was taken from different locations and with different orientations of the po-
larizing filter.
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ALSEP
AUX
BOT
CAM

CDR

CENT STA

CH

COMP A

CONT
CSM

CT

CTR
DN SUN

DPS

E
EVA

FLD SPL

IDENT

IN

LESC

LM
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Glossary of Acronyms and Abbreviations
Used in the Photographic Log

Apollo lunar-surface experiments package
Auxiliary
Bottom or underside
Camera
Commander (Astronaut Charles C. Conrad)
Central station of ALSEP
Changed

One of two compartments on the Surveyor III spacecraft containing
electronic components

Contingency sample

Command and service module

Core tube

Crater

Camera was aimed directly away from the sun when the picture was taken,

Descent propulsion system, i.e., the exhaust cone under the descent
stage of the LM

East

Extravehicular activity, i.e., astronaut activity outside the LM

A number designation on sample bags carried by the astronauts. One or
more samples in the same bag were designated by the same ''field"
‘sample number.

Identification

Inch

Left

Lunar-environment sample container

Lunar module



LMP

LRL SPL

LTR

MAG

OMNI

PSE

RADVS

RK

RTG

RTND
S

SEQ BAY

SMSS

SPL
SWC
SWE
TRN
w

X-SUN

Lunar module pilot (Astronaut Alan Bean)

A number given in the LRL to a sample of lunar material.
More than one LRL sample may have the same field
sample number,

Lighter

Film magazine

North

Omnidirectionai antenna. The Surveyor III spacecraft has two such
antennas, designated "Omni A" and "Omni B. "

Passive-seismic-experiment instrument
Right

Radar altimeter and Doppler velocity sensor — part of the automa-
tic landing system on the Surveyor III spacecraft

Rock

Radioisotope thermoelectric generator — the power source for
ALSEP instruments

Returned
South

Scientific equipment bay — a storage compartment on the descent
stage of the LM

So0il mechanics surface sampler — the scoop on the Surveyor III
spacecraft

Sample (of lunar material)
Solar-wind-composition measuring device
Solar-wind-experiment instrument
Trench

West

Camera was aimed across the direction of illumination.
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TABLE D-I. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER

PHOTO MAG SEQ

46-6715
46-5716
46-6T17
46-6718
46-6719
46-6T720
46-6T721
46-6722
46-5723
46-6724
46-6T725
46-6T726
46-6727
46-5128
46-6729
46-6T730

46-6731
46-6732
46-6733
46-6T734
46-6735
46-6T736
46-6T737
46-6738
46-6739
46-6740
46-5T741
46-6T42
46-6T743
465744
46-6T45
46—-6T46

46-6T747
46—-6748
46-6749
46-6750
46-6751
46-6752
46-6753
46-6754
46-6755
46-6756

46-6757
46-6758
46-6759
46-6760
466761
466762
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40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
75

76
T7
78
79
80
81
82
83
84
85
86
87
88
89
g0
91

92
93
9%
95
96
97
98
99
100
101

102
103
104
105
106
107

PHOTOGRAPHS

REMARKS

CDR ON PAORCH

CDR ON PORCH

CDR ON PORCH

CDR ON PQRCH

CONT SPL AREA

CONT SPL AREA

CONT SPL AREA

CONT SPL AREA

CONT SPL AREA

LMP ON PJRCH

LMP ON PORCH

LMP ON LADDER

LMP ON LADDER ¢
LMP ON LADDER

LMP ON SURFACE

PANDRAMA 2, 11 METERS W
OF LM

P AN
PAN
PAN
P AN
PAN
PAN
PAN
PAN
P AN
PAN
PAN
PAN
PAN
P AN
PAN
PANORAMA 3, 11 METERS
NE OF LM

P AN
PAN
PAN
PAN
P AN
PAN
P AN
PAN
PAN
PAN

PAN
PAN
PAN
PAN
PAN
P AN

7

NN MNNNNNNMND NN NG NN

[F TSRV VS UV IRV TS I UC I U VRSN S BN VR e e

115
115
115
115
115
115
115
115
115%
115

115
115
115
115
116

116
116
116
116
116
116
1156
116
116
116
116
116
116
116
116
116

116
116
116
116
116
116
116
116
116
116

116
116
116
116
116
116

GET
13
13
13
13
47
47
47
47
47
50

50
50
50
50
22

22
22
22
22
22
22
23
23
23
23
23
23
23
23
24
24

24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24

BY
LMP
LMP
LMP
LMp
CDR
COR
CDR
COR
CDR
CDR
CDR
COR
CDR
CDR
CDR
CDR

CDR
CDOR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
COR
CDR
CDR
CDR
CDR

CDR
CDR
CDR
COR
COR
CDR
COR
CDR
CDR
CDR

CDR
CDR
CDOR
CDR
CDR
CDR

DIST

AZLM

307.5
307.5
307.5
207.5
307.5
323.7
323.7
323.7
323.7
323.7
323.7
281.2

281.2
281.2
281l.2
28l.2
281l.2
28l.2
281.2
281l.2
281.2
281.2
28l.2
28l.2
281l.2
281.2
281.2

32.1

33.1
33.1
33.1
33.1
33.1
33,1
33.1
33.1
33.1
33.1

33.1
33.1
33.1
33.1
33.1
33.1

AZ
300.0
300.0
300.0
300.0
350.0
340.0
335.0

0.0

0.0
135.0
135.0
135.0
135.0
135.0
135.0
25145

276.0
294.6
313.0
339.2
350.9
10.7
3443
57.8
gl.l
118.4
144 .4
165.9
164.4
161.5
215.5
144.0

168.4
187.86
211.9
237.0
257.0
269.7
290.5
304.1
319.9
335.2
250.6
5.0
21.9
41.2
61.5
83.8



TABLE D-1. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER

P-NT > MAS SEQ

46-6T63
46-5T764

Lb~5TES
4H=5THE
Giy=ATAT
Gir-ATER
Li=5T6T
G6=5TT0
46=-AT7T1
46-6T72
46-6773
46=61TT4
46-57T75
46-HKTT76
46=ATTT
46—-5T778
4H=-5T779
46-5TBO
46-6781
46-56T82
46-=6783
4-4T84
46-5T785
LE-ATBA
4a-KTRT
46-6T788
46-5T789
46-5790
46-5791
46-6792
46—-4793
46-5T794
46-67G5
46~6T796
46=6797
46=-6798
46-6T799

46—-6300
46-6801
46-6802
46-6803
46-6804
46—-6805
46-6806
46-6807
46—-6808
46-6809
4/5=-6810
46-6811

Y
Y
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108
109

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
12%
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

145
146
147
148
149
150
151
152
153
154
155
156

PHOTOGRAPHS - Continued

REMARKS

PAN 3
PANIRAMA &, &
IF LM

D AN
P AN
PAN
PAN
PAN
PAN
P AN
©AN
P AN
PAN
PAN
D AN
PAN
P AN
eAN -
P AN
P AN
D AN
UNLIADING ALS
SALAR WIND SP
R TS

FUEL CAPSULE
FUEL CAPSULE
FUEL CAPSULE
FUEL CAPSULF
FUEL CAPSULE
PREP TO CARPY
PREP TO CARRY
LARGE 471IND,"
LARGE “O1ND,
LARGE MO'IND,
PANIRAMA 5, &
PAN
DAN
P AN

PAN
PAN
P AN
PAN
PAN
PAN
PAN
PAN
PAN
PAN
PAN
PAN

P N N P A ATk Al N e

QLU VUL U 1 g vt W

AETERS SE

F2 E"TA LM
ETTROMETER

RPEMOVAL

REAIVAL

RF 40VAL

REMAIVAL

AU AIVAL
ALGER
ALSFP

TUN-SUN
STERE™ (L)
STERET (R}

LSED AREA

116
116

116
116
116
1156
116
116
li6
116
116

116,

116
116
116
116
116
116
116
116

116
116
116
116
116
116
116

116
116
116
116
116
116
116
116
116
116
116
116

SET

24
75

25
25
25
25
25
26

26
26
26
26
26
26
26
26
26
26
26

55
55
55
55
55
55
55

55
55
55

55
55
55
55
55
55
55
55

BY
CDR
CDRr

CDR
CDR
CDOR
CDR
COR
COR
COR
CDR
CDR
CDR
CDR
CDR
CDR
CDOR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
CDR
COR
CDOR
COR
CDR
CDR
CDR

CDR
CDR
CDOR
CDR
CDOR
CDORrR
CDR
CDR
CDR
CDR
COR
CDR

DIST
15.4
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106.0
107.8
116.4
116.4
116.4
116.4

116.4
116.4
116.4
116.4
116.4
116.4
116.4
116.4
116.4
116.4
116.4
116.4

£9.0

82.°

82.1
112.1
tes.l
157.6
140.1
i91.3
700,89
732.7

" 261.0

287.4
219,72
292.9
Thh b

57
25.5
54,8
2R5,0
250.0
285.0
330.0
2500
350.0
205.,0
295.9

5.0

5.0
274.0
237.0
250.0
248.1
274 .6
299.1
326.2
3¢5
12.6
30.7
50.6
T2.5
89.0
110,58
138.7
163.7
181.7
210.3
233.3

263



TABLE D-I. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER

PHOTO HAG SFQ

441812
4t-ag813
46-4814
46-5815
46-6816
46-.817
45-5818
45-6819
44-5870
45—-6821
46-4822

4¢-5823"

GhH—45R24
4f =488
LE—-6R26A
4E-6827
46-6828
46-6829

46-6830
46-6831
G —t83D

46-68323

45-6824
47 —6335

44=A86

46-6837
46—-68728
46-6839
45-4840
46-56841
4£-6842
46-6843
46-6844
46-56845

46-56846
46-5847
46-6848
46-6849
45-68%0
46-6851
46-6852
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157

158 -

159
160
161
162
143
Lé4
165
166
167

168
169
170
171
188
189
150

191

193

194

200

202
203

204

205
206
207
208
209
210
211
212
213

214
215
216
217
218
219
220

PHOTOGRAPHS - Continued

PEMARKS SET
SILAR WIND EXP TN PLACE
AAGNETOME TFRGL¥P ,AND |4
CENTRAL STATIN
CENTRAL <TATINN
CENTRAL STATTON
ALSEP IN PLACE
LMP AT TN DETFLTNOP
SLARE
ALSEP IN OLACF
L4P AND 1774 DFTFECTOR
SMALL MOUNMD 11 1
START OF SELFCTFN
SAMPLE TPRAVEPRST
SMALL MOUINN 118 1
SMALL MOIND 118 2
SMALL MOUIND 118 2
LMP AT ALSFP 118 4
APPROACHING LAPGE MAIUND 118 &
APPROACHING LA™GF “MOUND 118 &
'BIG ROCK' NW 1F [LARCF 118 6
MOUND
'BIG RACK® NW TF [ARCE 118 &
MOUND
LARGE ™7UND, SPL 12008, 118 @
SPL IDENT. TENTATTVYF
LARGE MIUND, <SPl 12008 118 9
SPL IDENT. TENTATIVF
LRL SPLS 172010,12013, 118 16
12019 SOL INENT
TENTATIVE
118 16
118 16
PANIRAMA A, STERET (F) 118 18
MIDDLE CRFSCENT CTR
PAN & 118 18
PAN & 118 18
PAN 6 118 18
PAN 6 118 18
PAN 6 118 18
PAN & 118 18
PAN & 118 18
PAN & 118 18
PANIRAMA 7, STFREN (L) 118 19
MIDDLE CRESCENT CT?
PAN 7 118 19
PAN 7 118 19
PAN 7 118 19
PAN 7 118 19
PAN 7 118 19
ODAN 7 118 19
PAN 7 118 19

RY
COR
CDR
CNR
DR
COR
COR
CDR
CDR
CNHR
CDR
CHR

CDR
CDR
CDR
CDR
CDR
cne
CoORr

COR
CDR

hr

CDR
CDR

CDR

COR
CDR
CDR
cor
CDR
CDRr
CDRr
CHR
CDR

CDr
CDR
COR
CDR
CORr
CDR
CDR

DIST
122.9
128,3
129.1
12,1
129.8
i131.2
129.9

128.9
128.0
155.6

156.5
157.7
157.8
152.1
120.3
121.3
121.2

121.3

113.2

112.3

140.8

280.9

280.9
280.9
280.9
280.9
280.9
280.9
280.9
280.9
285.2

285.2
285.2
285.2
285,72
28%.2
2R5,2
285.2

AZL4
211.8
314.5
14,1
3l4.1
314.3
314.5
3126

305.90
3026
319.7

320.0
318.9
31€.4
319.1
?2926.6
29%.3
295,73

294,73

291.2

791.3

207.6

AZ
310,0
182.0
18,0
170.0
180.0
152.0
22%.0

346.0
39.0
304.0

2294.0
304.0
295.0
162.0
173.0
165.0
187.0

187.0

337.0

337.0

18C.0

0,0

48,7

3%4.8
319.5
306.5
200.2
?Bl1.%
26646
2544
240.8
229 .4

253.72
272.R
287.5
297.3
311.2
324.3
343.9



PHOTO
45-5H853
46~-6854
46-1855
46-6856
4e-H8%T
46 -6358
466859
46-5860
4A-6861
46-6862
46-6863
Lo-HBE4
L6=H865
HA=HR A
GF-HB8FT
Lf-~848

4L7=6E69
47-5870
41=-6871
4£7-A8772
475872
47-4074
47=4R7%
4T-68706
&T-48BTT
47-5878
47-6879
4T7T-6880
4T7=68R1
47-6882
47-6883
4&7-~A884%4
47-6885
47-6884
GT-6887
&7T-5R83
47-6889
47-68¢0
47-6891
47-6892
47~6893
47-4RQ4
4 T7=-5895
47-5896
47-5897
47-5898
47-458¢9
47-5900
4T—-69C1
47-6902

TABLE D-1. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER
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311
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PHOTOGRAPHS - Continued

PEMARKS

DANJIRAMA 11,

PAN 11
PAN 11
PAN 11
PAN 11
PAN 11
PAN 11
PAN 11

CANIJIRAMA 11,

PAN 11
PAN 11
PAN 11
PAN 11
PAN 11
PAY 11
PAN 11

TSINLKOVECY
TSTOLRISKY

FARTHR TS
EARTHRISE
FARTHRISE
EAR FHRT L

COPERNICUS
COPERNICUS

CSM AFTEP
CSM AFTE®
EARTHRISF
FARTHRISE
FARTHRISF
FARTHRTSE
FARTHRISE
FARTHRISF
FARTHRISF
FARTHRISH
FARTHRISE
FARTHRISFE
FARTHRISF
FARTHRISE
EARTHRISF
FARTHRISE
FARTHRISF
EARTHRISF
EARTHRISF

UNDICK THA
UNDICKTING

SETTING UP FLA®

SETTING

Ue FLAR
SOLAR WIND COHP
SOLAR WIND

Fyv

CIMR £XP,

-Y PAD ARFA
-Y PAD AREA

+72 PAD ARFA

{IN

L WINDOW

WINDOW

LM

SHANAW)

107
107
107
107
107
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
116
1146
116
116
116
116
116

SET

BY
CDR
CDOR
CDR
CDOR
CDR
CDR
CDOR
CDR
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP

CDR
CDR
LMP
LMP
LMP
LMP
LMo

LMP.

COR
CDR
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMO
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP

s pt ek ek ek fed et b P bbb et P e et
. « e W
DO MmE o mMMToT™ OO

¢ & » . L}

*

.

14.3
17.9
28,0
43,1
6.l
71
6.8

AZLM
266 .4
26F o &
2664
266 44
266 .4
265 .4
2h0h %
266.4
299.3
299,.3
2¢n,3
26%.3
267,33
283.3
29,3
299.3

137
1.3
240.7
341.6
185.6
210.6
304.8

AZ
289.0
271.0
243,6
2B4.2
262.5
235%.3
223.1
290.5
343.0
320.5
302.5
299.3
348.5
04,0
315.0
30645

260,.0
220.0
320.0
165.0

10.0

10.0
180.0

265



TABLE D-I. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER

PHOTC MAG SEQ

47-5903
47-6904

47-6905
47-6906
47-6907
47-6908
47-6909
47T-6910
47-6911
47+5912
47-6913
47-6914
47-6915
47-6916
47-6917
47-6918
47-6919
47-6920
47-6921
47-6922
47-6923
47-6924
47-6925
47-6926
47-6927
47-6928
47-6929
47-6930
47-5931
47-6932

47-6933
47-6954
47-6935

47-6936

47-6937

47-6938
47-6939
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62
63

64
65
66
67
68
69
70
71
72
73
74

172

173

174

175

176
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178

179

180

181

182

183

184

185

186

187

192

195

186

197

198

199

201
221

PHOTOGRAPHS - Continued

REMARKS

+Z PAD AREA (IN SHADOW)
FRAMES 6904THRU 6907
ARE A STEREO 'FLIGHT
LINE* OF THE +Y FOOT
PAD AND ITS FIRST
IMPACT POINT.

+Y PAD AREA

+Y PAD AREA

+Y PAD AREA

—-Z PAD AREA

—Z PAD AREA

DPS AREA (WEAK STERFQO)IR
DPS AREA (WEAK STEREQ)L
CPENING SEQ BAY

OPENING SEQ BAY

GPENING SEQ BAY

~Z PAD AREA

PASSIVE SEISMOMETER
PASSIVE SEISMOMETER
PSEsCENT.STA.,AND SWE
CDR NEAR MAGNETOMETER
MAGNETOMETER IN PLACE
DEPLOYED ALSEP

ION DET.{RT STERED)

ION DETL{(LEFT STEREO)
TOP OF ION DETECTOR

TOP OF CENTRAL STATIODN
CENTRAL STATION

CENTRAL STATION
CENT.STA,LM IN DISTANCE
CENT.STA, SWEs MOUND
CENT.STA, ION DETECTOR
PSEy MAGNETOMETER

CDR REACHING FOR SPL
12021

TAKING SPL 12022 FROM
MOUND. SPL IDENT.
TENTATIVE

SAMPLING AT LARGE MOUND
LARGE MOUND, SPL NOT
IDENTIFIED

FRESH SECONDARY CRATERS
LRL SPL 12004, SPL
IDENT TENTATIVE

SHOWS HORTZON N OF
47-6936

*VALENTINE?

FRESH CRATER, LRL SPL
12016, SPUL IDENT
TENTATIVE

116
116

116
116
116
116
116
116
116
116
116
116
116
118

118
118

118
118

118

118

118
118

GET
21
23

23
23
23
23
23
26
.26
26
26
26
26

w

10

10

11

15

15

16
22

BY
LMp
LMp

LMP
LMP
LMP
LMP
Lmp
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMP
LMp

LMP

LMP

LMP

LMp

LMpP

LMP
LMP

L]
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[ ]
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©
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NN
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121.3
119.9
109.5
102.¢6
127.1
127.9
127.8
128.3
128.3
127.6
128.3
130.5
128.3
127.7
l116.4

115.1
114.7
115.7
158.6

158.1

252.3

AZLM
317.3
159

41l.1
48.5
61.8
99.7
111.2
133.0
154.8
121.7
121.7
121.7
174.4
315.7
315.4
315.1
315.1
311.0
310.0
311.9
311.6
312.2
314.5
314.5
315.4
314.5
312.9
314.5
316.0
294.8

293.5

293.0

292.8

305.8

305.5

303.4

AZ
180.0
200.0

330.0
335.0



TABLE D-1. - CHRONOLOGICAL SEQUENCE OF 70-MILLIMETER

PHOTS MAG SEQ

47-4940
47-56941

47 =~G472
47-5943
47-56944
476345
4&T-6946
475947
47-6948
4T7=6949
475950
47-5351
47-6952
47-6953
47-695%
47-H59585
47-6956
4 T=59%7
4T7-5958
47-6959
47-5960
47-6961

4T=H9E2
47-6963
47-5964
47-59¢65
47-h9Eh
47-6967
47-6968
47-6969
47-5970
47-6971
47-6972
47-5973
47-5974
47-6975
4T-5976
47-5977
47-6978
47-6979
47-6980
47-6981
47-6982

47-6983
4 {—-6984
47-6985
L T7-6986
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222
223

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
235
240
241
242
243

244
245
246
247
248
249
250
251

252
253
254
255
256
257
258
259
260
261
262
263
264

265
266
267
268

PHOTOGRAPHS - Continued

PEMARKS

TONGS, LPL SPL 12014
PANORAMA ®, 10 4rRTERS 1 118
OF LM

PAN 8 118
PAN 8 118
DAN 8 118
PAN 8 118
DAN 8 118
DAN 8 118
PAN 8 118
oAN 8 118
PAN 8 118
PAN 8 118
PAN 8 118
PAN 3 118
PAN 8 118
oAN R 118
DAY 8 118
AN 8 118
PAN 8 118
PAN 8 118
PAN 8 118
PANIRAMA @, 8 4FTERS E 118
OF LM

PAN 9 118
PAN 9 118
PAN 9 118
PAN 9 118
CAN 9 118
DAN 9 118
PAN